W .  F.  Meggers  prepares  to  measure  one  of  the  spectrograms 
on  which  these  tables  of  spectral-line  intensities  are  based. 
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Tables  of  Spectral-Line  Intensities 


William  F.  Meggers,  Charles  H.  Corliss,  and  Bourdon  F.  Scribner 

The  relative  intensities,  or  radiant  powers,  of  39,000  spectral  lines  with  wavelengths  be- 
tween 2000  and  9000  Angstroms  have  been  determined  on  a  uniform  energy  scale  for  seventy 
chemical  elements.  This  was  done  by  mixing  0.1  atomic  percent  of  each  element  in  powdered 
copper,  pressing  the  powder-mixture  to  form  solid  electrodes  which  were  burned  in  a  10  ampere, 
220  volt  direct-current  arc,  and  photographing  the  spectra  with  a  stigmatic  concave  grating 
while  a  step  sector  was  rotating  in  front  of  the  slit.  The  sectored  spectrograms  facilitated  the 
estimation  of  intensities  of  all  element  lines  relative  to  copper  lines  which  were  then  calibrated 
on  an  energy  scale  provided  by  standardized  lamps,  and  all  estimated  line  intensities  were 
finally  adjusted  to  fit  this  calibration.  Comparisons  with  other  intensity  measurements  in  indi- 
vidual spectra  indicate  that  the  National  Bureau  of  Standards  spectral-line  intensities  may 
have  average  errors  of  20  percent,  but  first  of  all  they  provide  uniform  quantitative  values 
for  the  seventy  chemical  elements  commonly  determined  by  spectrochemists.  These  data  are 
presented  by  element  in  part  I,  and  all  39,000  observed  lines  are  given  in  order  of  wavelength 
in  part  II. 

1.  Introduction 


Spectrochemistry  was  born  a  century  ago  when 
KirchhofF  and  Bunsen  [1]  ^  definitely  demonstrated 
that  chemical  elements  were  uniquely  identified  by 
spectral  radiations,  or  lines  as  seen  in  a  spectroscope 
provided  with  a  slit.  This  led  immediately  to  the  iden- 
tification of  many  chemical  elements  in  the  sun  and 
to  the  discovery  of  several  new  elements,  but  no  quan- 
titative chemical  analyses  were  made  until  much  later. 

In  1874,  Lockyer  [2]  stated  that  "while  the  qualita- 
tive spectrum  analysis  depends  upon  the  positions  of 
the  lines,  the  quantitative  analysis  depends  not  upon 
their  position  but  upon  their  length,  brightness,  thick- 
ness, and  number  as  compared  with  the  number  visible 
in  the  spectrum  of  a  pure  vapor".  Thus,  position  (or 
wavelength)  and  brightness  (or  intensity)  are  recog- 
nized as  being  the  two  most  important  properties  of 
spectral  lines ;  wavelengths  identify  chemical  elements 
and  intensities  indicate  the  concentrations  of  identified 
elements  in  mixtures  or  chemical  compounds. 

During  the  past  century  there  has  been  spectacular 
improvement  in  the  accuracy  of  spectral  wavelength 
determinations;  the  early  ones  were  limited  to  3  or  4 
figures,  the  later  use  of  diffraction  gratings  and  wave- 
length standards  permitted  the  specification  of  5  or  6 
figures.  Since  1900  the  application  of  interferometers 
and  better  gratings  has  refined  many  wavelengths  to  7 
figures,  and  recently  some  8-figure  values  of  wavelength 
standards  have  been  provided.  Unfortunately  during 
this  past  century  very  little  progress  has  been  made  in 
assigning  uniform  quantitative  intensity  values  to 
spectral  radiations.  The  great  bulk  of  spectral  observa- 
tions have  been  made  photographically  because  photo- 
graphic emulsions  provide  detailed,  permanent  records 


1  Figures  in  brackets  indicate  the  literature  references  on  page  xil. 


of  spectra  not  only  in  the  visible  but  also  in  the  in- 
visible ultraviolet  and  infrared  regions.  But  even  if 
the  light  source  is  reproducible  and  standardized  it  is 
not  easy  to  evaluate  the  spectral  eflficiencies  of  spectro- 
graphs and  photographic  emulsions  so  the  usual  pro- 
cedure has  been  to  make  subjective  visual  estimates  of 
relative  intensities  of  spectral  lines  on  an  arbitrary 
scale  based  on  the  relative  blackness  and/or  width  of 
spectral-line  images  appearing  on  a  developed  photo- 
graphic plate.  Consequently,  in  thousands  of  individual 
papers  and  in  numerous  comprehensive  compilations  of 
spectral  data  we  find  only  qualitative  data  on  inten- 
sities which  may  have  some  meaning  for  adjacent  lines 
in  a  given  spectrum  but  none  at  all  when  comparing 
widely  spaced  lines,  or  lines  of  different  spectra  of  the 
same  element  or  of  different  chemical  elements. 

In  the  beginning,  most  intensity  data  were  reported 
on  an  arbitrary  scale  of  10  steps,  weak  lines  being 
assigned  an  intensity  of  1,  and  the  strongest  line  in- 
tensity 10.  Even  as  late  as  1945  extensive  new  spectral 
tables  prepared  by  Gatterer  and  Junkes  [3]  displayed 
estimated  intensities  on  this  limited  1  to  10  scale.  Since 
1910  some  spectroscopists  have  arbitrarily  expanded 
this  arbitrarily  compressed  scale.  For  example,  in  the 
very  extensive  spectral  tables  published  by  Exner  and 
Haschek  [4]  the  estimated  intensities  range  from  1 
to  1000.  In  wavelength  tables  compiled  by  Twyman 
and  Smith  [5]  the  maximum  intensity  is  20,  in  the 
compilation  of  Kayser  and  Ritschl  [6]  estimated  inten- 
sities rise  to  4000,  and  in  the  well-known  M.I.T.  Wave- 
length Tables  [7]  they  soar  to  9000.  The  most  recent 
compilation  of  Tables  of  Spectrum  Lines  by  Zaidel, 
Prokof'ev,  and  Raiskii  [8]  quotes  data  from  the  M.I.T. 
Tables  and  more  modern  sources  but  adds  nothing 
new  on  spectral  line  intensities. 
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In  or  about  the  year  1925,  microdensitometers  were 
developed  for  the  purpose  of  quantitative  measurement 
of  relative  intensities  among  related  lines  in  multiplets 
to  test  the  sum  rules  derived  from  the  quantum  theory 
of  spectral  structure,  but  no  general  applications  were 
made.  Since  then  thousands  of  spectrochemists  have 
applied  microdensitometers  to  quantitative  chemical 
analyses  by  calibrating  intensity  ratios  of  analysis-  and 
internal-standard  lines,  but  such  measurements  have 
contributed  nothing  to  the  basic  data  on  spectral  line 
intensities.  Likewise,  with  few  exceptions,  the  mod- 
ern substitution  of  electronic  photodetectors  for  photo- 
graphic emulsions  has  added  nothing  to  our  knowledge 
of  true  line  intensities  over  long  ranges  of  different 
spectra  of  many  chemical  elements. 

How  may  one  hope  to  obtain,  with  a  reasonable 
amount  of  labor,  quantitative  intensity  data  on  the 
same  scale  for  thousands  of  spectral  lines  representing 
practically  all  of  the  metallic  elements?  A  hint  was 
given  in  1874  by  Lockyer  [2]  who  observed  that  "the 
lines  of  any  constituent  of  a  mechanical  mixture  dis- 
appeared from  the  spectrum  as  its  percentage  was 
reduced."  Acting  on  this  suggestion.  Hartley  [9],  in 
1884,  began  to  study  the  spark  spectra  of  metals  in 
solutions  with  concentrations  of  1  percent,  0.1  percent, 
0.01  percent,  and  0.001  percent,  and  proposed  a  method 
of  quantitative  spectrochemical  analysis  based  on  the 
lines  that  could  be  detected  at  each  dilution.  Similar 
studies  were  later  made  by  Pollok  and  Leonard  [10], 
by  de  Gramont  [11],  and  by  Lowe  [12],  all  showing 
that  with  progressive  dilution  of  an  element  its  spec- 
tral lines  weakened  and  vanished  until  only  the  most 
sensitive  line  remained  to  reveal  its  presence.  In  all 
these  works  the  principle  of  quantitative  spectrochem- 
istry appeared  to  rest  on  the  number  of  lines  detectable 
rather  than  on  their  individual  intensities.  Casual  ob- 
servation must  have  shown  lines  of  equal  strength  in 
spectra  of  solutions  differing  1000  fold  in  concentration 
but  no  one  mentioned  it.  It  is  difficult  to  understand 
why  these  earlj'^  studies  of  residual  spectra  in  quan- 
titatively prepared  mixtures  or  solutions  did  not  sug- 
gest a  method  for  obtaining  physical  intensities,  but 
it  is  a  fact  that  before  our  work  had  begun  no  one  had 
attempted  to  express  spectral  line  intensities  as  directly 
proportional  to  the  number  of  radiating  atoms  or  con- 
centration of  the  element.  The  present  monograph 
reports  such  an  attempt  [13]. 

Our  method  of  deriving  line  intensities  from  arc 
spectra  of  elements  diluted  in  copper  was  recently 
adopted  by  Allen  [14,  15]  to  obtain  oscillator  strengths 
of  some  radiations  from  3200  to  5400  A  representing 
nine  elements. 

At  various  times  since  1932  we  have  photographed 
the  arc  spectra  of  70  chemical  elements  diluted  in 
silver  or  in  copper,  and  determined  the  line  intensities 
of  the  diluted  elements  relative  to  selected  lines  of  the 
matrix.  An  energy  calibration  of  the  latter  finally  led 


to  physical  intensities  of  39,000  spectral  lines  repre- 
senting 70  elements,  all  on  the  same  energy  scale. 
These  experiments  and  results  are  based  on  the  follow- 
ing propositions,  regarded  as  fundamental  for  the 
quantitative  description  of  residual  spectra  of  diluted 
elements  excited  in  ordinary  d-c  arcs. 

1.  The  limiting  detectability  of  any  line  is  defined 
as  the  atomic  concentration  that  ensures  positive  de- 
tection of  the  line.  This  limit  is  determined  mainly  by 
unavoidable  background  on  a  fully  exposed  spectro- 
gram. The  spectrum  of  an  arc  burning  in  air  consists 
of  discrete  lines  due  to  atoms,  and  of  more  or  less 
extensive  band  systems  from  transient  compounds 
(usually  monoxides),  all  superposed  on  a  continuous 
background  arising  from  thermal  radiation  of  incan- 
descent oxides,  from  transitions  in  the  continuum,  and 
possibly  from  scattered  light.  This  background  sets  a 
limit  to  the  exposure  for  faint  lines  that  may  be  given 
by  any  actual  spectrograph.  If  this  were  not  true,  the 
exposure  could  be  increased  indefinitely  to  compensate 
for  unlimited  reduction  in  concentration,  and  detect- 
ability would  always  be  infinite.  Faint  lines  are  not 
recorded  by  underexposure,  and  they  cannot  be  recog- 
nized on  a  very  dense  background  produced  by  over- 
exposure. In  order  to  guarantee  positive  recognition 
and  unambiguous  chemical  identification  a  spectral 
line  should  be  sufficiently  well  defined  to  permit  ac- 
curate wavelength  measurement.  Experience  shows 
that  the  minimum  photographic  density  that  meets 
this  requirement  is  of  the  order  of  0.05  above  that  of 
the  background. 

2.  The  limiting  detectability  of  any  element  in  an 
arc  depends  on  the  matrix  in  which  the  element  finds 
itself.  There  is  no  doubt  that  in  the  conventional  arc 
relative  volatilities  of  the  chemical  elements  as  well  as 
relative  ionization  potentials  affect  the  relative 
strengths  of  their  mixed  spectra.  In  general,  the  ele- 
ments with  high-vapor  pressure  and/or  low-ionization 
potential  will  be  favored  in  spectral  excitation,  but 
elements  with  either  high  or  low  volatility  may  be  un- 
derestimated if  not  uniformly  present  during  the  ex- 
posure, and  easily  ionized  elements  may  appear  less 
sensitive  because  of  more  complete  ionization.  In  this 
connection  it  must  be  noted  that  large  differences  in 
apparent  detectability  are  possible  if  concentrations 
are  expressed  in  relative  weights  instead  of  numbers 
of  atoms.  Thus,  0.01  atomic  percent  of  boron  in 
uranium  is  equal  to  <  0.0005  weight  percent  since 
the  uranium  atom  is  22  times  heavier  than  the  boron 
atom. 

3.  The  primary  substance  (matrix)  has  no  impor- 
tant effect  on  the  relative  intensities  of  lines  due  to  a 
secondary  substance.  It  is  conceded  that  the  relative 
intensities  of  analogous  spectra  of  different  elements, 
and  of  successive  spectra  of  the  same  element,  may 
vary  with  the  composition  of  the  samples  and/or  with 
the  type,  or  portion,  of  light  source  from  which  radia- 
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tion  is  taken,  but  there  is  no  evidence  that  the  relative 
intensities  of  lines  in  any  particular  spectrum  of  a 
given  element  are  thereby  greatly  changed.  It  may 
be  expected,  therefore,  that  the  relative  intensities  of 
lines  observed  in  one  metal  arc  w^ill  remain  valid  in 
any  other  metal  arc,  provided  the  arcs  are  at  approxi- 
mately the  same  temperature.  The  absolute  intensities 
and  the  relative  strengths  of  successive  spectra  may 
be  altered  by  excitation  conditions.  For  example,  sili- 
con may  be  more  sensitive  in  carbon  than  in  calcium, 
and  it  is  w^ell  known  that  when  easily  ionized  alkalies 
are  present  in  sufficient  quantity  to  influence  discharge 
conditions  they  reduce  the  intensity  of  other  spectra, 
especially  those  characteristic  of  ionized  atoms. 

4.  The  order  of  lines  arranged  according  to  de- 
creasing detectability  in  progressive  dilution  is  the 
same  as  the  order  of  decreasing  intensity  in  the  spec- 
trum of  the  pure  element.  In  other  words,  emission 
line  intensities  in  residual  arc  spectra  (barring  self- 
absorption)  are  proportional  to  the  number  of  radiat- 
ing atoms;  and  relative  intensities  may  therefore  be 
derived  from  concentrations  at  which  difi'erent  lines 
show  the  same  intensity  or  limiting  detectability. 

Arc  spectra  usually  exhibit  a  variety  of  lines,  sharp 
or  narrow  ones,  diffuse  or  wide  ones  (including  band 
heads),  strong  ones  accompanied  by  photographic 
spreading  of  developed  images,  others  wide  on  account 
of  hyperfine  structure,  and  some  partially  reversed. 
All  of  these  types,  except  the  last,  appear  in  residual 
arc  spectra  at  low  concentrations,  and  it  may  be  ques- 
tioned if  it  is  possible  to  place  them  on  a  uniform  in- 
tensity scale.  It  may  be  assumed  that  if  total  blacken- 
ing integrated  over  the  width  of  the  line  when  recorded 
at  a  moderate  level  of  density  be  considered  in  esti- 
mating relative  intensities  these  will  be  on  a  uniform 
scale  within  the  limits  of  precision  in  making  such 
estimates  on  lines  of  different  types. 

5.  The  order  of  spectral  lines  arranged  according 
to  decreasing  intensity  is  the  same  when  the  intensities 


are  decreased  by  rotating  stepped  sectors  as  when  the 
intensity  reduction  is  produced  by  successive  dilution 
of  the  element  in  a  matrix.  This  was  recognized  by 
Lowe  [12]  who  published  an  atlas  of  spark  spectra  of 
44  elements  diluted  from  1  percent  to  0.001  percent  and 
later  obtained  practically  the  same  results  by  observing 
spectra  with  stepped  exposure  times  [16].  In  our 
experiments  the  labor  of  preparing  samples  of  70  ele- 
ments in  four  or  more  dilutions  was  greatly  reduced 
by  adopting  only  one  dilution  (0.1  atomic  percent)  and 
then  producing  further  reductions  of  spectral-line  in- 
tensities by  means  of  rotating  step  sectors. 

6.  Limiting  detectability  (as  defined  in  1.)  may  be 
adopted  as  a  physical  scale  of  intensities.  Such  inten- 
sities may  be  fixed  as  follows :  In  a  fully  exposed  spec- 
trogram of  copper  containing  0.1  atomic  percent  of 
another  element  any  faint  but  unmistakable  line  at  a 
given  wavelength  is  assigned  unit  intensity.  Any  simi- 
lar line  appearing  with  unit  intensity  in  a  spectrogram 
when  the  energy,  or  concentration,  is  reduced  to  Vs  is 
said  to  be  5  times  as  strong.  Thus,  all  lines  can  be 
assigned  relative  intensities  proportional  to  their 
limiting  detectabilities  by  determining  either  the 
energy  reduction  or  the  concentration  reduction  at 
which  the  stronger  lines  finally  show  unit  intensity. 
The  atomic  percent  concentration  at  which  any  line 
will  show  unit  intensity  then  results  from  dividing  0.1 
by  its  required  energy  or  concentration  reduction.  For 
example,  a  line  of  intensity  10  should  show  plainly  at 
0.01  atomic  percent,  while  one  of  intensity  1000  should 
be  easily  seen  at  0.0001  atomic  percent  (one  in  a 
million).  Assuming  the  ratio  concentration/intensity 
to  be  constant,  the  maximum  intensity  at  100  percent 
is  easily  obtained.  Thus,  a  line  of  intensity  1000  at 
0.1  atomic  percent  will  have  an  intensity  value  of  1000 
X  100/0.1  =  1,000,000  at  100  percent.  This  indicates 
a  much  larger  range  of  spectral  intensities  than  men- 
tioned heretofore,  but  it  is  not  unrealistic. 


2.  Experiments 


Whereas  all  earlier  experiments  on  residual  spectra 
of  diluted  elements  involved  spark  excitation  of  solu- 
tions or  fused  salts,  we  decided  to  employ  d-c  arc 
excitation  for  the  following  reasons.  It  has  been  shown 
[17]  that  the  first  ionization  potentials  of  some  seventy 
metallic  elements  range  from  4  to  11  v  and  the  strong- 
est spectral  lines  of  most  of  these  elements  have  wave- 
lengths between  2000  and  9000  A,  which  is  the  spectral 
region  covered  by  the  present  investigations.  Further- 
more, it  is  known  [18]  that  the  second  ionization  po- 
tential of  these  elements  ranges  from  10  to  75  v  and 
that  the  strongest  lines  of  singly  ionized  atoms  gen- 
erally have  shorter  wavelengths  than  those  of  neutral 
atoms,  nearly  half  of  them  being  shorter  than  2000  A 
so  that  they  can  be  detected  only  in  vacuum  spectro- 
graphs.  Because  low-voltage  arcs  have  less  ionizing 


action  than  high-voltage  sparks  more  atoms  will  re- 
main in  the  neutral  state  and,  in  general,  therefore,  arc 
spectra  will  exhibit  stronger  lines  and  higher  sensi- 
tivity than  spark  spectra. 

The  use  of  arc  spectra  in  these  experiments  threat- 
ened to  introduce  errors  on  account  of  self-absorption 
of  radiated  energy  in  the  arc  aura  or  envelope  which 
consists  largely  of  unexcited  neutral  vapor  atoms.  In 
all  spectra  of  arcs  between  metal  electrodes  this  is  the 
cause  of  conspicuous  self-reversal  of  all  lines  involving 
the  atom's  ground  state.  However,  this  is  a  function 
of  vapor  density  surrounding  the  arc  and  if  this  is 
reduced  to  0.001,  self -reversal  is  usually  negligible  (see 
fig.  2).  This  is  our  reason  for  making  these  experi- 
ments with  individual  elements  diluted  in  copper  in 
the  ratio  1  to  1000.  When  ground-state  lines  of  extra- 
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ordinary  intensity  were  suspected  of  some  self -absorp- 
tion, intensity  ratios  were  checked  or  corrected  by 
examining  our  earlier  spectrograms  made  with  this 
element  diluted  to  0.0002  atomic  percent  in  silver. 

2.1.  Dilution  in  Silver 

Our  preliminary  experiments,  begun  in  1932,  can 
be  described  briefly  as  follows:  solutions  of  known 
strength  of  the  elements  under  investigation  were 
prepared  and  proper  amounts  added  to  pure  silver 
oxide,  which  was  then  reduced  to  metal  by  heating  to 
make  samples  containing  8  definite  atomic  ratios  ex- 
tending from  0.05  to  0.0002  atomic  percent  of  the  ele- 
ment added  to  silver,  with  a  factor  of  about  2  between 
7  successive  dilutions.  In  order  to  save  time  and  labor, 
each  series  of  silver  samples  incorporated  3  to  6  chemi- 
cal elements,  in  addition  to  zinc  which  supplied  internal 
standards.  These  samples  were  burned  on  pure  copper 
electrodes  of  a  220  volt  d-c  arc  with  10  amperes.  An 
image  of  the  arc  was  projected  onto  the  slit  of  a  stig- 
matic  concave  grating  spectrograph  by  means  of  a 
fused-quartz  lens.  Each  series  of  excited  samples  was 
exposed  on  successive  segments  of  the  slit,  and  was 
photographed  in  four  spectral  regions  ranging  from 
2000  to  9000  A  (see  fig.  1).  A  comparator  was  em- 
ployed to  measure  wavelengths  (relative  to  silver  and 
copper  lines)  for  the  identification  of  the  added  ele- 
ments, and  relative  intensities  of  all  lines  belonging  to 
residual  spectra  of  diluted  substances  were  estimated 
and  related  to  concentration.  These  results  were  not 
satisfactory  for  the  following  reasons :  The  use  of 
silver  as  a  matrix  and  of  copper  for  arc  electrodes 
precluded  the  possibility  of  getting  any  data  for  these 
two  elements  or  for  any  lines  masked  by  silver  and 
copper  lines.  Also  the  inclusion  of  3  or  more  elements 
in  each  series  of  samples  resulted  in  the  blending  of 
many  lines,  especially  in  complex  spectra,  so  that  it 
was  not  possible  to  assign  proper  intensities  in  these 
cases.  Furthermore,  the  method  of  sample  prepara- 
tion and  observing  appeared  to  be  unsuited  to  very 
volatile  elements,  or  compounds,  because  no  residual 
spectra  could  be  recorded  for  them  even  at  concentra- 
tions of  0.1  atomic  percent. 

2.2.  Dilution  in  Copper 

In  1941  these  preliminary  experiments  were  aban- 
doned in  favor  of  a  modified  procedure  which  led  to 
satisfactory  results.  The  chief  changes  in  procedure 


came  with  the  availability  and  use  of  pure  metal 
powders,  and  a  hydraulic  press  to  form  solid  electrodes 
of  mixed  powders.  Instead  of  reducing  spectral  line 
intensities  to  the  limit  of  detectability  by  successive 
dilutions  of  the  element  in  different  samples  only  one 
dilution  (0.1  atomic  percent)  was  prepared  and  line 
intensities  were  reduced  by  observing  through  rotating 
step  sectors.  The  successful  procedure  may  be  out- 
lined as  follows:  An  element  under  investigation  was 
mixed  with  pure  copper  powder  in  the  atomic  ratio 
of  1  to  1000.  These  mixtures  were  pressed  into  solid 
electrodes,  and  burned  in  a  220-volt,  10-ampere  d-c 
arc  which  was  imaged  entirely  on  the  collimator  of  a 
stigmatic  grating  spectrograph  by  a  lens  at  the  slit. 
A  rotating  step  sector  in  front  of  the  slit  reduced  the 
spectral  intensities  to  one-fifth  in  each  of  four  steps 
(see  fig.  2).  Spectral  intensities  of  the  element  added 
to  copper  were  estimated  relative  to  those  of  selected 
copper  lines,  and  this  was  done  separately  for  each  of 
70  elements  throughout  the  range  of  spectrum  from 
2000  to  9000  A.  The  true  intensities  of  the  selected 
copper  lines  above  3300  A  that  served  as  internal 
standards  were  then  measured,  by  photographic  pho- 
tometry, relative  to  the  known  energy  distribution  in 
the  spectrum  of  an  incandescent  tungsten-strip  fila- 
ment at  a  certain  temperature  (see  fig.  3).  Between 
2000  and  3300  A  a  calibrated  hydrogen  lamp  was  used 
to  determine  the  relative  intensities  of  copper  lines. 
Finally  the  apparent  intensities  of  39,000  spectral  lines 
of  70  elements,  relative  to  copper,  were  adjusted  to  fit 
the  copper  calibrations.  These  experiments  thus  pro- 
vide empirically  determined  lists  of  the  principal  lines 
of  all  elements  actually  detectable  under  average  con- 
ditions in  arc  spectra  when  their  concentrations  are  0.1 
atomic  percent,  and  the  individual  lines  bear  intensity 
numbers  approximately  proportional  to  their  detect- 
ability or  their  relative  energy.  That  these  intensity 
numbers  really  represent  physical  intensities  was 
proved  by  comparing  them  with  earlier,  accurately 
measured  relative  intensities  of  lines  in  multiplets  and 
with  published  relative  /-values  or  oscillator  strengths 
of-  lines  in  different  multiplets  extending  over  a  wide 
range  of  spectrum. 

In  order  to  provide  intensity  data  for  spectral  lines 
that  are  partially  or  wholly  obscured  by  copper  lines  a 
sectored  spectrogram  of  the  pure  element  excited  with 
self-electrodes,  or  of  a  metallic  compound  or  salt  ex- 


FiGURE  1.  Arc  spectra  of  elements  (V,  Nb,  Ta)  diluted  progressively  in  silver,  and  burned  on  copper  electrodes. 

Spectral  range  3880  to  4320  A. 
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Figure  2.  Arc  spectra  of  pure  manganese  (center),  and  of  copper  containing  0.1  percent  Mn,  (above  and  below),  all  through 

rotating  step  sector.       Spectral  range  3960  to  4105  A. 


Figure  3.    Energy  calibration  of  copper  lines.  Above,  arc  spectrum  of  copper  through  rotating  step  sector.   Spectral  range  3400  to  3850  A. 

Below,  standard-lamp  spectrum  at  50  A  intervals  through  same  step  sector. 
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cited  in  a  carbon  arc,  was  photographed  on  every  plate 
so  that  any  lines  blended  with  copper  could  be  inter- 
polated with  proper  estimates  of  their  relative  inten- 
sities. Comparison  of  relative  intensities  in  copper 
and  in  carbon  matrices  also  supplied  new  information 
on  successive  spectra,  I  and  II,  especially  of  rare-earth 
spectra.  Similar  data  for  copper  itself  were  obtained 
by  using  pressed  electrodes  of  pure  silver  powder  to 
which  0.1  atomic  percent  of  copper  was  added,  plus 
the  same  quantities  of  gold  and  zinc  to  serve  as  internal 
standards. 

Furth,er  details  of  experimental  materials,  apparatus, 
and  procedure  are  given  in  the  following  paragraphs. 

2.3.  Arc  Electrodes 

For  this  investigation  materials  of  high  purity  were 
acquired,  preferably  in  the  form  of  metal  powders, 
although  some  elements,  not  available  in  pure  pow- 
dered metal  form,  were  obtained  as  oxides.  In  every 
case  the  proper  amount  was  added  to  powdered  copper 
to  produce  a  mixture  in  which  there  was  one  atom  of 
the  added  element  to  each  1000  atoms  of  copper.  These 
mixtures  were  homogenized  by  mechanical  shaking  and 
then  compressed  into  solid  cylindrical  pellets  in  an 
hydraulic  press  at  5000  psi.  The  pellets  were  i/i  in.  in 
diameter,  l^  in.  in  length,  and  weighed  about  1.5  gram. 
Two  of  a  kind  were  mounted  in  massive  water-cooled 
clamps  in  an  arc  stand  and  a  direct  current  of  10 
amperes  passed  between  them  from  a  220  v  line  with 
ballast  resistance.  A  3-mm  gap  was  maintained  be- 
tween the  electrodes  during  the  exposures  which  varied 
in  duration  from  1  sec  to  5  min  depending  on  spectro- 
graphic  efficiency  and  sensitivity  of  photographic  plates 
in  different  spectral  regions. 

The  arc  was  imaged  on  the  collimator  of  a  concave- 
grating  spectrograph  by  means  of  a  quartz  lens  im- 
mediately in  front  of  the  slit  to  obtain  uniform  illumi- 
nation along  its  length  and  collect  light  from  all  parts 
of  the  arc.  Rotating  step  sectors  were  operated  im- 
mediately in  front  of  the  collecting  lens,  one  with  5  to 
1  ratio  was  used  for  all  line-intensity  spectrograms, 
but  a  2  to  1  step  was  used  for  the  energy  calibration  of 
copper  lines. 

2.4.  Spectrograph 

The  dispersing  apparatus  was  a  6-in.  grating  with 
15,000  lines  per  inch,  and  22  ft  radius  of  curvature 
in  a  Wadsworth-type  mounting  to  give  stigmatic 
images  on  photographic  plates.  All  observations  were 
made  in  the  first-order  spectrum  in  which  the  recipro- 
cal dispersion  was  5A/mm,  and  the  practical  resolving 
power  about  50,000  with  a  slit  width  of  30  /x. 

2.5.  Photographic  Plates 

In  order  to  determine,  relative  to  copper,  the  inten- 
sities of  all  lines  of  70  chemical  elements  diluted  1000 
fold  it  was  necessary  to  make  many  hundreds  of  spec- 


trograms, and  to  employ  4  varieties  of  photographic 
plates  to  cover  the  wavelength  range  2000  to  9000  A. 
The  spectral  range  2000  to  3000  A  was  recorded  on 
Eastman  103-0  Ultraviolet  Sensitive  plates,  2600  to 
4900  A  on  Eastman  33  plates,  4600  to  6900  A  on  East- 
man II-F  plates,  and  6600  to  9000  A  on  Eastman  I-N 
plates.  Each  plate  was  developed  for  4  min  in  a  rocking 
tray  containing  D-19  developer  at  70  °F. 

The  exposure  times  in  each  spectral  range  were 
chosen  by  trial  to  obtain  a  suitable  continuous  back- 
ground in  the  first  step  of  the  rotating  step  sector. 
Because  of  variations  in  spectral  sensitivity  of  photo- 
graphic materials  and  in  spectrographic  efficiency  two 
exposures  of  the  contaminated-copper  arcs  were  usually 
made  on  each  plate,  with  exposure  durations  in  the 
ratio  2  to  1,  and  the  sectored  comparison  spectrum  of 
the  contaminant  was  placed  between  them.  Measure- 
ments were  usually  confined  to  the  exposures  which 
showed  the  optimum  background  in  the  first  step  of 
the  rotating  sector. 

2.6.  Energy  Calibration  of  Copper  Lines 

In  order  to  determine  the  factors  necessary  to  con- 
vert the  estimates  of  apparent  intensities  of  the  lines  of 
70  elements  relative  to  copper  into  true  relative  inten- 
sities, it  was  necessary  to  determine  the  true  relative 
intensities  of  selected  reference  lines  in  the  spectrum 
of  copper.  The  energy  calibration  of  copper  lines  was 
performed  as  follows: 

A  G.E.  tungsten  ribbon  filament  lamp  (type  F339- 
85,  30  amp,  6v)  equipped  with  a  fused  quartz  window 
served  as  the  reference  standard  of  spectral  energy 
distribution  in  the  wavelength  range  3300  to  9000  A. 
The  brightness  temperature  of  the  filament  at  6500  A 
was  measured  at  two  values  of  filament  current  by 
Henry  Shenker  in  the  National  Bureau  of  Standards 
Pyrometry  Laboratory.  The  true  temperature  T  of  the 
filament  was  determined  from  the  brightness  tem- 
perature by  means  of  the  following  equation  obtained 
from  Wien's  law 

where  Cj,  =  1.438  cm-deg  and  A  is  the  product  of  the 
emissivity  of  tungsten  (0.427)  and  the  transmittance 
of  the  quartz  window  (0.916)  at  6500  A. 


Table  1.  Temperature  of  tungsten  lamp 


Brightness 

True 

Current 

temperature 

temperature 

amp 

°K 

°K 

38.00 

2492 

2787 

40.00 

2567 

2881 

The  energy  distribution  from  blackbodies  operated 
at  these  temperatures  was  taken  from  tables  prepared 
by  Stair  and  Smith  [19]  in  the  2300  to  3500  A  range, 
by  Skogland  [20]  in  the  3200  to  7600  A  range  and  by 
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Lowan  and  Blanch  [21]  in  the  7200  to  10000  A  range. 
The  data  from  these  tables  were  adjusted  to  a  common 
basis  and  multiplied  by  the  emissivity  of  tungsten  and 
the  transmittance  of  fused  quartz  at  intervals  in- 
creasing from  50  A  in  the  ultraviolet  to  200  A  in  the 
infrared.  The  emissivity  of  tungsten  was  taken  from 
a  weighted  mean  curve  of  published  values  to  which 
reference  is  made  by  Stair  and  Smith  [19].  The  trans- 
mittance of  fused  quartz  was  calculated  from  data  on 
its  index  of  refraction  published  by  Sosman  [22] .  The 
final  product,  representing  the  relative  energy  distri- 
bution of  the  radiation  emerging  from  the  quartz  win- 
dow of  the  lamp,  was  plotted  on  a  convenient  scale  to 
permit  interpolation  to  any  wavelength  in  the  range 
2300  to  10000  A. 

Spectrograms  of  the  pure  copper  arc  and  of  the 
tungsten  lamp  were  made  under  conditions  identical 
with  those  described  above  except  that  for  these  a  2 
to  1  step  sector  with  8  steps  was  used  for  closer  cali- 
bration (fig.  3).  Microphotometer  measurements  of 
transmittance  were  made  in  each  step  of  the  standard- 
lamp  spectrum  at  intervals  of  50  A  and  a  family  of 
calibration  curves  of  transmittance  versus  log  exposure 
(hereafter  referred  to  as  log  J)  was  drawn  up  for  each 
plate.  The  exposure  of  the  standard-lamp  /,  was  read 
from  the  calibration  curve  for  each  wavelength  at  a 
transmittance  of  40  percent  (where  the  curve  is  linear) 
and  then  divided  by  the  calculated  intensity  Is  at  that 
wavelength.  is  the  calculated  intensity  emitted  by 
the  standard-lamp.  A  standardization  curve  of  log  Js/h 
versus  A  was  plotted  for  each  plate.  Calibration  curves 
of  transmittance  versus  log  J  were  then  drawn  from 
measurements  on  each  of  the  selected  copper  lines  and 
the  log  exposure  (log  /,  „)  of  each  copper  line  at  a  trans- 
mittance of  40  percent  was  read  from  each  curve.  Log 
Js/h  was  then  subtracted  from  the  average  of  numerous 
values  of  log  /,.„  to  give  log  Z,.,,  which  is  the  log  of  the 
true  relative  intensity  of  the  copper  line.  The  values  of 
log  /c„  from  plates  in  adjacent  wavelength  regions  were 
adjusted  to  a  common  basis  by  means  of  lines  common 
to  both  plates.  The  plot  of  log  Js/h  versus  A  is  the 
relative  response  function  of  the  plate-spectrograph 
combination  and  as  such  was  itself  useful  in  the  in- 
frared where  the  copper  spectrum  lacks  lines  suitable 
for  use  as  an  intensity  reference. 

From  2  to  24  determinations  were  made  on  each  of 
202  lines  of  Cu  I  between  2800  and  8100  A  with  an 


average  of  about  9  determinations  per  line.  The  values 
of  /(.„  obtained  by  this  procedure  below  3300  A  were 
systematically  low  because  of  the  rapid  decline  in  in- 
tensity from  the  standard  lamp  in  the  direction  of 
short  wavelengths.  The  intensity  from  the  lamp  at 
5500  A  is  about  40  times  the  intensity  at  3300  A  and 
about  300  times  the  intensity  at  2800  A.  This  fact  in- 
troduces possible  errors  from  scattered  light  of  the 
intense  visible  radiation  which  tends  to  raise  and 
consequently  depress  Ic»- 

The  spectrum  of  copper  is  composed  of  sharp  lines 
and  diffuse  lines.  Since  the  microphotometer  measure- 
ments were  made  at  the  peaks  of  the  lines  rather  than 
integrated  over  their  widths,  the  measured  intensities 
of  the  two  groups  of  lines  are  on  different  relative 
scales,  the  scale  of  the  diffuse  lines  being  smaller  than 
that  of  the  sharp  lines.  The  reference  lines  selected  for 
calibration  of  the  estimates  of  apparent  intensity  are 
all  sharp  lines. 

The  random  error  of  the  photometric  procedure,  in- 
cluding microphotometer  error  and  irregularities  of 
response  of  the  "N"  plates  was  determined  from  92 
measurements  of  apparent  relative  intensities  in  spec- 
tra of  the  standard  lamp  on  two  plates.  The  standard 
deviation  of  individual  measurements  from  the  mean 
was  found  to  be  about  1.5  percent.  It  is  probable,  there- 
fore, that  the  uncertainties  in  these  intensity  measure- 
ments of  the  copper  lines  lie  entirely  in  the  systematic 
errors  discussed  above  and  in  the  random  fluctuations 
of  the  arc  under  study. 

Since  the  ribbon  filament  lamp  was  too  faint  in  the 
region  from  2000  to  3300  A  to  serve  as  a  standard, 
recourse  was  taken  to  a  Hanovia  hydrogen  arc  lamp. 
Output  from  this  lamp  was  compared  by  R.  Stair  in 
the  Radiometry  Section  of  the  Bureau  with  a  standard 
tungsten-in-quartz  lamp  and  a  standard  mercury  arc 
in  the  region  from  2500  to  3800  A;  this  provided  an 
independent  overlapping  calibration  which  carried  us 
down  to  2500  A. 

The  intensity  numbers  below  2500  A  become  less 
accurate  as  the  short  wavelength  limit  is  approached. 
Lacking  any  reliable  energy  calibration  for  shorter 
waves,  the  intensity  estimates  from  2500  to  2000  A 
were  necessarily  adjusted  by  judicious  extrapolation, 
guided  by  the  declining  densities  of  background  in  the 
spectrograms,  caused  by  the  increasing  absorption  in 
the  apparatus  and  in  the  air  at  shorter  wavelengths. 


3.  Results 


Because  these  relative  intensities  of  39,000  lines  of 
70  elements  are  based  on  empirical  detectability  they 
will  be  generally  applicable  to  spectrochemical  analysis 
provided  that  proper  corrections  are  made  on  account 
of  different  excitation  in  different  matrices.  Chemical 
elements  differ  in  volatility,  electron  emission,  spectral 


excitation,  and  spectral  background,  and  consequently 
their  spectral  detectability  in  different  mixtures  or  mat- 
rices depends  on  certain  controlling  factors.  One  of  the 
important  factors  is  the  atomic  ionization  potential 
which  ranges  from  3.9  v  for  Cs  to  11.3  v  for  C,  and  for 
the  investigated  70  elements  has  an  average  value  of  7.3 
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V.  By  mixing  these  70  elements  with  copper,  which  has 
an  ionization  potential  of  7.7  v,  we  obtained  excitation 
conditions  very  near  the  average  for  all.  To  convert 
our  intensity  numbers  from  copper  to  any  other  matrix 
would  require  the  empirical  determination  of  the 
proper  conversion  factor  for  each  element. 

It  should  be  pointed  out  that  sensitivity  of  detection 
in  spectrochemical  analysis  is  commonly  given  in  per- 
cent by  weight.  In  order  to  find  the  weight  percent 
from  the  atomic  percent  given  in  the  tables  the  follow- 
ing simple  relation  applies, 

r  A 

r-i   

where  Cu,  is  the  concentration  in  percent  by  weight,  Ca 
is  the  atomic  percent  (0.1  in  this  case),  Ac,  is  the  atomic 
weight  of  copper,  and  Aj,  is  the  atomic  weight  of  the 
element  X. 

Although  our  original  intention  was  to  determine 
the  relative  strengths  of  many  spectral  lines  from 
different  chemical  elements  for  purposes  of  quantita- 
tive spectrochemical  analysis  we  believe  that  the  re- 
sults may  also  interest  theoretical  spectroscopists  and 
astrophysicists.  For  instance,  if  our  intensity  numbers, 
based  on  concentration  detectability  and  relative  en- 
ergy calibration,  actually  express  relative  energies 
then  all  may  be  converted  to  oscillator  strengths,  or  to 
relative  gf/'Values,  or  even  to  absolute  /-values,  if  the 
proper  conversion  factors  can  be  found. 

Because  of  the  low  concentration  -of  each  element  in 
the  copper  arc  from  which  the  spectra  were  observed, 
the  lines  were  extraordinarily  free  from  self  absorp- 
tion. This  fact  suggests  that  these  emission  intensities 
could  be  converted  into  relative  s^/-values,  provided 
that  a  valid  excitation  temperature  can  be  assigned  to 
the  copper  arc. 

The  temperature  of  the  copper  arc  can  be  determined 
by  comparing  the  observed  relative  intensities  of  the 
lines  of  an  element  with  the  relative  gf-YaXxxes,  of  those 
lines  [23] ,  provided  that  the  arc  can  be  shown  to  be  in 
local  thermodynamic  equilibrium  for  the  energy  states 
under  consideration.  A  preliminary  investigation  of 
this  sort  has  been  carried  out  by  using  relative  gf- 
values  determined  by  R.  B.  King  and  his  coworkers  for 
Til  [24],  Tin  [25],  Vl  [26],  Cr  I  [27],  Fe  I  [28], 
[29]  and  Ni  I  [30]  in  the  region  above  3000  A.  Figure 
4  is  a  typical  example  of  the  correlation  of  intensities 
and  s^Z-values  indicating  the  temperature  of  the  copper 
arc.  The  comparison  shows  that  our  copper  arc  is  suf- 
ficiently in  equilibrium  to  yield  a  temperature  which 
may  be  useful  in  calculating  approximate  gf/-values  of 
some  utility  from  our  intensity  numbers.  A  prelimi- 
nary value  of  5000  °K  ±300  °K  has  been  obtained 
as  the  average  temperature  of  the  10  amp,  220  v,  copper 
arc. 

Because  our  intensity  data  represent  single  (some- 
times two)  personal  subjective  estimates  of  photo- 
graphic densities  in  sectored  spectrograms  there  is 


no  possibility  of  deriving  statistically  any  probable 
errors  or  standard  deviations  for  individual  values. 
However,  an  estimate  of  the  accuracy  or  reliability  of 
our  data  may  be  obtained  by  comparing  them  with 
quantitative  results  published  by  other  investigators. 
For  example,  figure  4  shows  the  ratios  of  our  intensities 
to  the  relative  /-values  (or  intensities)  reported  by 
King  and  King  [24]  who  measured  the  total  absorp- 
tions of  Ti  I  lines  in  furnace  absorption  spectra;  they 
stated  [28]  that  "The  average  deviations  of  the  in- 
dividual intensity  measures  from  the  mean  values  vary 
from  4  to  15  percent  for  different  lines"  measured  be- 
tween 4  and  16  times  on  different  plates.  Each  little 
circle  plotted  in  figure  4  represents  a  Ti  I  multiplet  of 
1  to  12  lines.  The  average  of  59  deviations  from  the 
mean  of  all  is  25  percent. 

A  second  indication  of  the  reliability  of  our  inten- 
sities is  obtained  by  comparing  our  values  with  the 
relative  intensities  of  lines  in  multiplets  of  five  ele- 
ments (Cr,  Fe,  Mn,  Ti,  V)  measured  with  photographic 
densitometry  by  Frerichs  [31]  to  test  the  sum  rules. 
Such  a  comparison  in  21  different  multiplets  indicates 
deviations  ranging  from  5  to  22  percent,  with  an 
overall  average  of  14  percent. 

A  third  estimate  of  the  errors  in  our  data  results 
from  their  comparison  with  photoelectric  intensity 
measurements  in  the  iron  arc  by  Crosswhite  [32] ,  who 
claims  an  accuracy  of  the  order  of  1  percent.  The 
average  difference  between  intensities  of  330  iron  lines 
(3175  to  5658  A)  common  to  these  two  sets  of  ob- 
servations is  ±27  percent,  but  some  of  this  difference 
may  be  du€  to  temperature  if  this  is  not  the  same  in 
both  arcs. 

Other  comparisons  could  be  made  but  the  above  three 
are  different  and  typical ;  they  suggest  that  the  average 
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Figure  4.  Plot  of  log  intensity  X*  over  gf  versus  upper  excitation 

potential  of  Ti  I  lines.  The  temperature  of  the  arc  is  derived  from  the 
slope  of  the  line  which  best  fits  the  points. 


X 


error  of  our  spectral-line  intensities  within  a  spec- 
trum of  each  element  is  probably  between  15  and  25 
percent.  The  uniformity  of  the  intensity  scale  be- 
tween the  spectra  of  the  various  elements  is  more  diffi- 
cult to  assess.  Considerable  care  was  taken  to  obtain 
spectrograms  under  comparable  conditions  for  all  of 
the  elements ;  however,  differences  in  volatilities  of  the 
elements  or  their  oxides,  and  differences  in  ease  of 
excitation  may  possibly  result  in  shifts  of  intensity 
scales  between  elements.  An  inspection  of  the  intensi- 
ties of  the  strongest  lines  of  the  elements  indicates 
that  the  values  are  generally  in  the  same  order  as 
sensitivity  of  detection  of  the  elements  where  these 
are  known.  Although  no  high  precision  was  expected 
in  our  mass-production  of  intensities  it  is  emphasized 
that  reasonably  uniform,  quantitative  values  are  now 
available  for  39,000  lines  emitted  by  70  chemical 
elements. 

The  tables  of  spectral-line  intensities  resulting  from 
this  investigation  are  presented  in  two  parts.  In  part  I 
the  data  are  arranged  by  element  in  alphabetical  order 
of  chemical  name.  The  heading  of  each  table  by  ele- 
ment states  the  atomic  symbol,  atomic  number,  atomic 
weight,  ratio  of  atomic  weight  to  that  of  copper,  the 
electron  configuration  and  term  symbol  of  the  normal 
state  of  each  spectrum  and  the  corresponding  ioniza- 
tion potential  expressed  in  kaysers  (cm^).  Following 
the  heading  is  a  selected  list  of  references.  Under 
Wavelengths  are  listed  all  of  the  sources  from  which  the 
wavelengths  used  in  the  table  were  compiled.  Under 
Classification  or  Spectrum  Assignments  are  listed  the 
sources  from  which  the  assignment  of  spectrum  and 
energy  levels  were  obtained.  A  few  spectra  showed 
bands  of  metallic  oxides.  References  to  data  about 
these  bands  are  given  under  Molecular  Spectra.  In  ad- 
dition a  few  selected  references  to  published  experi- 
mental intensity  measurements  are  given  under 
Intensities. 

Following  the  references  there  is  abstracted  from 
the  main  table  a  list  of  the  strong  lines  arranged  in 
order  of  decreasing  intensity  and  giving,  in  addition 
to  the  data  found  in  the  main  table,  the  electron  con- 
figurations and  spectral  term  designations  of  the  energy 
levels  that  produce  each  line.  These  lists  of  the  strong 
lines  generally  contain  2  percent  or  more  of  the  lines 
in  the  main  table. 

Electron  configurations  and  spectral  term  designa- 
tions of  quantum  numbers  are  of  unusual  interest  in 
the  production  of  the  strongest  spectral  lines,  or  raies 
ultimes.  According  to  well-known  rules  governing  the 
relative  intensities  of  lines  in  multiplets,  the  strongest 
line  arises  from  transitions  between  levels  having  the 
largest  /  and  L  values  when  a/=aL  =  1.  A  rule 
relating  to  raies  ultimes  was  expressed  [33]  a  quarter 
of  a  century  ago  as  follows :  "A  raie  ultime  in  any  spec- 
trum originates  with  a  simple  interchange  of  a  single 
electron  between  s  and  p  states,  usually  preferring  con- 


figurations in  which  only  one  electron  occurs  in  such 
states".  The  above  simple  rules  for  the  strongest  lines 
appear  to  be  valid  for  all  spectra. 

Then  comes  the  main  table,  listing  in  order  of  wave- 
length, for  every  line  of  an  element  which  appears  on 
our  plates,  the  intensity,  character,  wavelength,  spec- 
trum, and  energy  levels.  The  calibrated  intensity  num- 
bers in  the  first  column  represent  the  relative  radiant 
power  emitted  by  our  arc  at  each  wavelength.  Lines 
which  differ  in  profile  from  a  normal  sharp  symmetri- 
cal shape  are  described  in  the  second  column,  with  the 
notation  suggested  in  the  Transactions  of  the  Joint 
Commission  for  Spectroscopy  [34]  as  follows: 

b  —  band  head, 

c  —  complex, 

d  —  unresolved  double  line, 

h  —  hazy, 

I    —  shaded  longward, 
s   —  shaded  shortward, 
w  —  wide. 

The  wavelengths  in  column  3  are  taken  from  the  places 
noted  in  the  list  of  references  and  are  given  to  the 
nearest  0.01  A.  They  are  all  normal  air  wavelengths, 
even  those  below  2000  A.  Column  4  gives  the  spectrum, 
I,  II,  or  III  (respectively  from  neutral,  singly  ionized 
and  doubly  ionized  atoms)  in  which  the  line  occurs  or  the 
molecule  from  which  a  band  head  originates  and  column 
5  the  numerical  values,  rounded  off  to  the  nearest  wave- 
number,  of  the  levels  between  which  the  transition  occurs. 
These  data  are  taken  from  the  Classification  reference. 

The  wavelength  of  a  doubly  classified  line  appears 
before  the  first  pair  of  energy  levels  and  the  second 
pair  follows  immediately.  In  these  tables  all  energy 
levels  are  given  in  vacuum  wavenumber  units,  cm~\  for 
which  the  name  kayser  (K)  has  been  proposed  [35]. 
For  all  spectral  lines  explained  as  transitions  between 
energy  levels  this  serves  as  a  mutual  check  since  the 
wavelengths  in  normal  air,  when  converted  to  vacuum 
wavenumbers  by  a  conversion  table  [36],  will  coincide 
within  one  unit  with  the  difference  between  the  two 
energy  levels.  Furthermore  these  numbers  serve  as 
an  index  to  the  term  designation  in  "Atomic  Energy 
Levels"  [37]  where  electron  configurations,  quantum 
numbers,  and  magnetic  splitting  factors  are  given. 

A  comparison  of  the  excitation  energies  of  any  two 
classified  lines  may  be  made  by  directly  comparing 
their  larger  energy  levels  in  kaysers,  and  adding  the 
ionization  potentials  in  the  case  of  lines  from  II  or  III 
spectra.  This  direct  and  simple  procedure  avoids  the 
labor  of  converting  all  energy  levels  from  kaysers  to 
electron  volts  by  means  of  the  relation  one  ev  =  8066  K. 

In  part  II  the  intensity  data  are  arranged  in  two 
tables  in  order  of  increasing  wavelengths.  In  table  1 
the  strong  lines  of  each  element  which  were  ab- 
stracted from  the  main  tables  in  part  I  are  here  ar- 
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ranged  in  order  of  wavelength.  Following  this  is  table 
2  in  which  the  individual  main  tables  of  part  I  have 
been  consolidated  into  a  single  table  arranged  by  wave- 
length. This  table  contains  about  39,000  lines  of  70 
elements.  The  intensities  in  the  table  are  on  a  scale  of 
relative  radiant  power  and  the  scale  is  the  same  from 
element  to  element.  Following  the  intensity  numbers 
are  given  the  wavelength,  the  element  symbol,  and 
the  spectrum.  The  intensity  of  a  double  line  appears 
before  the  first  wavelength  and  the  second  wavelength 
follows  immediately. 

This 'investigation  has  extended  over  a  period  of  28 
years,  and  represents  a  very  considerable  amount  of 
intermittent  labor  contributed  mainly  by  a  relatively 
small  number  of  individuals.  The  program  was 
initiated  by  Meggers  and  Scribner,  the  latter  prepared 


diluted-element  mixtures,  electrodes  and  spectrograms, 
while  the  former  identified  wavelengths,  supplied  many 
line  classifications,  and  estimated  relative  intensities 
of  some  fifty  thousand  lines.  In  the  production  of  the 
mixtures  and  the  copper  electrodes  and  spectrograms 
valuable  assistance  was  given  by  Harriet  E.  Brown. 
Corliss  contributed  the  copper  calibration,  the  conver- 
sion of  apparent  intensities  to  relative  radiant  powers, 
and  prepared  the  final  tables.  Mrs.  Ruth  Peterson  care- 
fully prepared  and  checked  all  the  data  on  IBM  cards 
so  that  it  could  be  printed  automatically.  Valuable 
advice  and  assistance  on  the  IBM  machine  operations 
was  given  by  William  Bozman.  To  all  our  able  and 
reliable  assistants  the  authors  extend  their  sincere  ap- 
preciation and  thanks  for  cheerful  and  conscientious 
cooperation. 
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Tables  of  Spectral-Line  Intensities 
Arranged  by  Elements 


ALUMINUM 


Al,  Z=13,  ^=26.98,  Ratio  ^^=0.425 


All  Normal  state  of  valence  electrons  Ss^Sp^  2PoH=0.  I.P.=  48279  K 
Al  II  Normal  state  of  valence  electrons  Ss^      ^Sq  =0.    I.P.=  151860  K 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification: 

All,  F.  Paschen,  Ann.  Physik  13,  516  (1932). 

Intensities: 

Y.  I.  Ostrovsky,  Optika  i  Spektroskopiya  3,  673  (1957). 


Relative  intensity  of  aluminum  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  aluminum 


Strong  lines  of  aluminum 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

900 
650 

3961.  53 
/     3092.  71 
1     3092.  84 

I 
I 
I 

112-25348 
112-32437 
112-32435 

3s23pi  sPfH— 3s24si  2SoH 
3s23pi  2?;^— 3s23d'  2D2^ 
3s23)Bi  2P!h— 3s23d'  ^Dj^ 

Aluminum  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

7  d 

2269.  09 

112-44169 

4 

2575.  41 

112-38929 

2269.  21 

112-44166 

15 

2652.  49 

0-37689 

18 

2367.  06 

0-42234 

20 

2660.  39 

112-37689 

36 

2373.  13 

112-42238 

320 

3082. 16 

0-32435 

7 

2373.  36 

112-42234 

650  d 

3092.  71 

112-32437 

3092. 84 

112-32435 

1.8 

2378.  41 

112-42144 

24 

2567.  99 

0-38929 

450 

3944.  03 

0-25348 

48 

2575.  10 

112-38934 

900 

3961.  53 

112-25348 

3 


ANTIMONY 


Sb,  Z=51,  M=121. 76,  Ratio  ^=1.916 

Sb  I  Normal  state  of  valence  electrons  Ss^Sp^  *S;^  =  0.  I.P.=  69700  K 
Sb  II  Normal  state  of  valence  electrons  Ss^Sp^  ^Pq  =0.    I.P.  =  133328  K 

References 

Wavelengths  and  classification: 

Sb  I,  W.  F.  Meggers  and  C.  J.  Humphreys,  J.  Research  NBS  38,  463  (1942). 

Relative  intensity  of  antimony  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  antimony 


Strong  lines  of  antimony 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 

k 

Term  combination 

600 

320 
140 

/      2598.  05 
1      2598.  09 
2528.  52 
2877.  92 

I 
I 
I 
I 

8512-46991 
9854-48332 
9854-49391 
8512-43249 

5s25p3  2D;^5— 5s25p26s'  ^Poh 

5s25p3  2D|j^— 5s25p26s'  <P2H 

5s25p3  2D5^— 5s25p26s»  2P,H 
5s25p3  2D;i^— 5s25p26si  *Foy, 

Antimony  —  All  Observed  Lines 


Intensity 

and 
Character 

w  a  ve- 
length 
m  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

2.5 

2029. 49 

I 

16396-65653 

1.8 

2474.  57 

I 

18464-58863 

5 

2039.  77 

9854-58863 

18 

2478.  32 

16396-56733 

14 

2049.  57 

\ 

8512-57287 

3.5 

2480.  44 

{ 

16396-56699 

C-C 

n      AQ 110 

J.  U 

OCT  n  cA 

OCT  O       A  QI-JO 

10 

2098.  41 

8512-56152 

320 

2528.  52 

9854-49391 

2.5 

2118.  48 

18464-65653 

1.2 

2554.  64 

18464-57597 

5 

2127.  39 

0-46991 

8 

2574.  06 

16396-55233 

10 

2139.  69 

8512-55233 

600 

2598.  05 

8512-46991 

5 

2141. 83 

2598.  09 

9854-48332 

10 

2144.  86 

8512-55121 

34 

2612.31 

18464-56733 

38 

2175.  81 

0-45945 

32 

2652. 60 

18464-56152 

7 

2179. 19 

9854-55728 

38 

2670.  64 

8512-45945 

2.5 

2201.  32 

16396-61809 

14 

2682.  76 

18464-55728 

7 

2208.  45 

9854-55121 

5 

2692.  25 

16396-53528 

5 

2220.  73 

8512-53528 

17 

2718.  90 

18464-55233 

2.5 

2224.  93 

8512-53443 

5 

2727.  23 

18464-55121 

7 

2262. 51 

16396-60581 

90 

2769.  95 

9854-45945 

2.  0 

2288.  98 

9854-53528 

7 

2851.  11 

18464-53528 

7 

2293.  44 

9854-53443 

140 

2877. 92 

8512-43249 

4 

2306.  46 

16396-59738 

50 

3029.  83 

16396-49391 

45 

2311. 47 

0-43249 

100 

3232. 52 

18464-49391 

2.0 

2360. 50 

16396-58747 

85 

3267.  51 

16396-46991 

4 

2373. 67 

18464-60581 

10 

3383. 15 

16396-45945 

4 

2383. 64 

18464-60404 

10 

3637.  83 

18464-45945 

4 

2422. 13 

18464-59738 

5 

3722. 79 

16396-43249 

6 

2426.  35 

16396-57597 

4 

4033.  55 

I 

18464-43249 

18 

2445. 51 

8512-49391 

4 


ARSENIC 

As 

As,  Z=:33,  M=  74.92,  Ratio  7^^  =  1.179 

(Ju 

As  I  Normal  state  of  valence  electrons  4sMp^  ^S°4  =  0.  I.P.=  79165  K 
As  II  Normal  state  of  valence  electrons  4s^4^>^  ^Pq  =0.    I. P. =  163000  K 

References 

Wavelengths  and  Classification: 
As  I,  W.  F.  Meggers,  A.  G.  Shenstone,  and  C.  E.  Moore,  J.  Research  NBS  45,  346  (1950), 


Relative  intensity  of  arsenic  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  arsenic 


Strong  lines  of  arsenic 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

140 

2780.  22 

I 

18648-54605 

4s24p3  2po^_4s24p25sI  2p 

90 

2860.  44 

I 

18186-53136 

4s24p3  2pgj^_4s24p25sl  2p  „^ 

Arsenic  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

17 

1936.  96 

0-51610 

16 

2370.  77 

18648-60815 

28 

1971.97 

0-50694 

18 

2381.  18 

10915-52898 

20 

1989.  70 

10592-60835 

9 

2437.  23 

10592-51610 

6 

1990.  48 

10592-60815 

36 

2456.  53 

10915-51610 

3.0 

1994.  78 

18186-68301 

44 

2492.  91 

10592-50694 

28 

2003. 34 

10915-60815 

44 

2745.  00 

18186-54605 

4 

2009. 19 

18648-68403 

140 

2780.  22 

18648-54605 

3.  0 

2013.  32 

18648-68301 

90 

2860.  44 

18186-53136 

2.  0 

2165.  52 

18648-64812 

20 

2898.  71 

18648-53136 

44 

2288.  12 

10915-54605 

3.0 

2990. 99 

18186-51610 

5 

2344.  03 

18186-60835 

8 

3032. 85 

18648-51610 

85 

2349.  84 

10592-53136 

4 

3119.  60 

18648-50694 

.0 

2369.  67 

18648-60835 

609065  O  -  62  -2 


BARIUM 


Ba,  Z=56,  M=  137.36,  Ratio  ^=2.162 

Ba  I  Normal  state  of  valence  electrons  5p^  ds^  'So  =0.  I.P.  =  42032  K 
Ba  II  Normal  state  of  valence  electrons  5p^  6s'  %h=0.    I.P.  =  80687  K 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

F.  Sullivan  and  K.  Burns,  Sci.  Studies  St.  Bonaventure  Coll.  9,  7  (1941). 

H.  N.  Russell  and  C.  E.  Moore,  J.  Research,  NBS  55,  299  (1955). 

Classification: 

Ba  I,   H.  N.  Russell  and  C.  E.  Moore,  J.  Research  NBS  55,  299  (1955). 

Ba  II,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 

Intensities: 

L.  S.  Ornstein,  M.  Coelingh,  and  J.  G.  Eymers,  Z.  Physik  44,  653  (1927). 

A.  M.  Kruithof,  Physica  10,  493  (1943). 

H.  Kopfermann  and  G.  Wessel,  Z.  Physik  130,  100  (1951). 


Relative  intensity  of  barium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  barium 


Strong  lines  of  barium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

6500 
2000 
2000 
1200 
650 

4554.  03 
4934.  09 
6141.  72 
6496.  90 
5535.  48 

II 
II 
II 
II 

I 

0-21952 
0-20262 
5675-21952 
4874-20262 
0-18060 

6s'  2SoH— 6p>  'PfH 
6s'  2SoH— 6pi  'P5h 
5d>  6p'  'PfH 
5d'  2r),^_6pi  2P5^ 
6s2  'So  —6s'  6p'  'P! 
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Barium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 

1  ^^^^  t^^r\ 

in  A. 

Spec- 
trum 

Energy 

J_jc  VCiS 

in  js. 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

28 

2304.  24 

II 

4874-48259 

650 

5535. 48 

T 

0-18060 

55 

2335.  27 

II 

5675-48484 

2.  0 

5680.  18 

I 

9216-26816 

6 

2347.  58 

II 

5675-48259 

50 

hi 

5777.  62 

13515-30818 

6 

2528.  51 

II 

20262-59799 

9 

1 

5800.  23 

13515-30751 

10 

2634.  78 

II 

21952-59895 

-7 

7 

5805.  68 

J 

9597-26816 

3.  0 

2702. 63 

J 

0-36990 

30 

5826.  28 

T 

11395-28554 

1.8 

2771.  36 

II 

21952-58025 

280 

5853.  68 

II 

4874-21952 

18 

3071. 58 

\ 

0-32547 

5 

5907.  64 

9034-25957 

50 

3501.  11 

0-28554 

50 

5971. 70 

9216-25957 

7 

3889.  33 

T 

0-25704 

50 

5997.  09 

T 

9034-25704 

140 

1 

3891. 78 

II 

20262-45949 

50 

6019.  47 

J 

9034-25642 

3.  0 

3892.  66 

11395-37077 

110 

6063. 12 

I 

9216-25704 

10 

3909.  91 

9034-34603 

170 

6110. 78 

9597-25957 

14 

3935. 72 

9216-34617 

2000 

6141. 72 

II 

5675-21952 

3.  5 

3937.  87 

J 

9216-34603 

50 

6341. 68 

9216-24980 

18 

3993.  40 

J 

9597-34631 

36 

6450.  85 

J 

9034-24532 

3.  0 

3995.  66 

I 

9597-34617 

60 

6482. 91 

I 

11395-26816 

150 

h 

4130. 66 

II 

21952-46155 

1200 

6496.  90 

II 

4874-20262 

6 

4132. 43 

0-24192 

160 

6498.  76 

9597-24980 

20 

4166.  00 

II 

21952-45949 

70 

6527.  31 

T 

f              ^    \mJ                                  1  _y 

20 

4283. 10 

T 

11395-34736 

65 

6595.  32 

T 

9034-24192 

7 

h 

4350.  33 

I 

12637-35617 

32 

6675.27 

I 

9216-24192 

10 

4402. 54 

12637-35344 

32 

6693.  84 

9597-24532 

15 

4431.  89 

12266-34823 

1.6 

h 

6771. 85 

23074-37837 

3.  0 

4488.  97 

T 

13515-35785 

6 

6865  69 

T 

11395-25957 

3.  5 

h 

4493.  64 

J 

13515-35762 

1.  2 

h 

6867  85 

T 

22947-37504 

13 

4505. 92 

I 

12637-34823 

140 

7059.94 

I 

9597-23757 

5 

h 

4523. 24 

13515-35617 

19 

7120.  33 

\ 

9034-23074 

13 

4524.  93 

II 

20262-42355 

0.6 

7153.  58 

23757-37732 

6500 

4554.  03 

II 

0-21952 

6 

7195. 24 

J 

12266-26160 

8 

4573.  85 

T 

12637-34494 

2.0 

7228.  84 

J 

22065-35894 

14 

4579. 64 

I 

13515-35344 

95 

7280.  30 

I 

9216-22947 

4 

4599. 75 

12637-34371 

11 

7392.  41 

12637-26160 

2.0 

4619.  98 

12266-33905 

2.0 

7417.  53 

9597-23074 

3.  0 

4673. 62 

T 

9597-30987 

3.  0 

hi 

7459.  78 

J 

22947-36349 

13 

4691. 62 

J 

13515-34823 

17 

7488.  08 

9      I  ^y  \J  %     w  ^y 

J 

95^1  -229  0,-] 

3.  0 

4700!43 

I 

12637-33905 

2.  0 

7610.  48 

I 

23062-36200 

8 

4726. 45 

11395-32547 

1.0 

hi 

7636.  90 

23074-36165 

40 

4899.  97 

II 

21952-42355 

4 

hi 

7642. 91 

23757-36837 

1.  8 

4902!  90 

13515-33905 

50 

7672. 09 

J 

9034-22065 

2000 

4934. 09 

II 

0-20262 

30 

7780.  48 

T 

9216-22065 

X                   JL.     ^y                                       *W                  ^y  vX 

3.0 

4947! 33 

18060-38267 

0.  8 

h 

7839. 57 

I 

24980-37732 

2.0 

5054.  98 

18060-37837 

17 

7905.  75 

13515-26160 

6 

h 

5159. 92 

18060-37435 

8 

7911.  34 

0-12637 

2.0 

h 

5267!  03 

T 

18060-37041 

6 

h 

8210. 24 

J 

18060-30237 

W  Vw**  \y             .-X  W  A—  f 

22 

hi 

5424.  55 

12266-30696 

40 

h 

8559.  95 

11395-23074 

1.4 

h 

5473.69 

\ 

3.0 

8860.  98 

12637-23919 

32 

hi 

5519.  05 

12637-30751 

3.5 

8914.  99 

12266-23480 
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BERYLLIUM 


Be,  Z=4,  M=9.013,  Ratio  ^=0.1418 


Be  I  Normal  state  of  valence  electrons  2s^^So  =0.  I.P.=  75192  K 
Be  11  Normal  state  of  valence  electrons  2s^^Soy,=0.    I.P.  =  146882  K 

'  References 
Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification: 

Be  I  and  Ben,  F.  Paschen  and  P.  G.  Kruger,  Ann.  Physik  8,  1005  (1931). 
Molecular  Spectra: 

BeO,  A.  Lagerqvist  and  R.  Westoo,  Arkiv  Mat.  Astron.  Fysik  32A,  No.  10  (1945). 
Intensities : 

W.  R.  Bozman,  C.  H.  Corliss,  and  W.  F.  Meggers,  J.  Research  NBS  50,  131  (1953). 


Relative  intensity  of  beryllium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  beryllium 


Strong  lines  of  beryllium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

480 
320 
300 

3130.  42 

3131.  07 
2348.  61 

II 
II 

I 

0-31935 
0-3W29 
0-42565 

2s'%K— 2p'  'Pm 
2si2SoH— 2p'  2P5^ 
2s2 'So— 2si2pi  'Pf 

Beryllium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5.0  h 

2174.94 

21980-67944 

480 

3130.  42 

II 

0-31935 

2175.  07 

21982-67944 

320 

3131. 07 

II 

0-31929 

300 

2348.  61 

0-42565 

60 

3321. 01 

I 

21979-52082 

70 

2494.  56 

21979-62055 

3321.09 

I 

21980-52082 

2494.  58 

21980-62055 

100 

3321.34 

I 

21982-52082 

100 

2494.  73 

21982-62055 

12 

4572. 67 

I 

42565-64428 

140  c 

2650.  47 

21980-59698 

7  bl 

4708.  60 

BeO 

2650.  55 

21979-59696 

4  h 

8254.10 

I 

42565-54677 

2650.  62 

21980-59696 

2650.  64 

21982-59698 

2650.  70 

21980-59695 

2650.  78 

21982-59696 
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BISMUTH 


■p  j 

Bi,  Z=83,  A/=208.99,  Ratio  ^^=3.289 

Cu 

Bii  Normal  state  of  valence  electrons  6s^6p^ '^Sly,=0.  I.P.=  58790  K 
Bin  Normal  state  of  valence  electrons  Qs^6p^^Po  =0.    I. P.  =  134600  K 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 

Sons,  New  York,  1939),  above  2000  A. 
G.  R.  Toshniwal,  Phil.  Mag.  4,  774  (1927),  below  2000  A. 

Classification: 

Bii,  S.  Mrozowski,  Phys.  Rev.  63,  526  (1942). 
Intensities: 

N.  N.  Sobolev,  J.  Exptl.  Theoret.  Phys.  (U.S.S.R.)  13,  130  (1943). 


Relative  intensity  of  bismuth  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  bismuth 


Strong  lines  of  bismuth 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

3600 

3067.  72 

I 

0-32588 

6s26p3  4Sf^— 6s26p27s'  'FoH 

400 

2897.  98 

I 

11418-45915 

Bismuth  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trunn 

Ene  rgy 
Levels 
in  K 

17 

1953. 89 

0-51158 

400 

2897. 98 

11418-45915 

3.5 

1959.48 

0-51019 

320 

2938.  30 

15437-49461 

8 

2021.  21 

0-49461 

280 

2989.  03 

11418-44865 

55 

2061. 70 

0-48489 

70 

2993. 34 

11418-44817 

10 

2110.26 

0-47371 

240 

3024.  64 

15437-48489 

7 

2133.  63 

11418-58272 

6 

3034.  87 

3.0 

2228.  25 

0-44865 

3600 

c 

3067.  72 

0-32588 

14 

2230.  61 

0-44817 

14 

3076.  66 

11418-43912 

5 

2276.  58 

0-43912 

55 

c 

3397.  21 

15437-44865 

11 

2400.88 

15437-57075 

50 

c 

3510.  85 

15437-43912 

2.5 

2515.  69 

11418-51158 

38 

c 

3596.  11 

21660-49461 

7 

2524.  49 

11418-51019 

14 

4121.  53 

21660-45915 

70 

2627.  91 

11418-49461 

14 

4121.  86 

28 

c 

2696.  76 

11418-48489 

60 

c 

4722. 19 

I 

11418-32588 

14 

d 

2730.  50 

21660-58272 

4722. 55 

4722.  83 

36 

2780.  52 

11418-47371 

14 

c 

2809. 62 

15437-51019 

1.0 

c 

5552.  35 

I 
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BORON 

B,  Z=b,  M=  10.82,  Ratio  ^=0.1703 

Bi  Normal  state  of  valence  electrons  2^2p' ^pg^^^Q.  I.P.=  66930  K 
B  II  Normal  state  of  valence  electrons  'Sn  =0.    I.P.  =  202895  K 

References 

Wavelengths: 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

B  I,  H.  E.  Clearman,  J.  Opt.  Soc.  Am.  43,  373  (1952). 


Relative  intensity  of  boron  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  boron 

Strong  line  of  boron 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

480 

2497.  73 

I 

16-40040 

2s22p»  2pj^_2s23si  ^Soa 

Boron  —  All  Observed  Lines 


Intensity       Wave-  Energy 
and            length        pec-  Levels 
.               °         trum  ^j. 
Character        m  A                           m  K 

Intensity         Wave-  Energy 

and              length             "  Levels 
/"I-         J.                   A        trum  TV- 
Character         m  A                            m  K 

7              2088.93      I  0-47857 
11              2089.  59      I  16-47857 

240              2496.  78      I  0-40040 
480              2497.  73      I  16-40040 

10 


CADMIUM 


Cd,  Z=48,  M=112.41,  Ratio  ^=1.769 


Cd  I  Normal  state  of  valence  electrons  M'^'ds^  ^So  =0.  I.P.=  72539  K 
Cd  11  Normal  state  of  valence  electrons  4d^°5s^  %^^=0.    I.P.  =  136375  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology,  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Cd  I,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 
Cd  II,  A.  G.  Shenstone  and  J.  T.  Pittenger,  J.  Opt.  Soc.  Am.  39,  219  (1949). 

Intensities : 

W.  Kuhn,  Naturwiss.  14,  48  (1926). 

A.  Filippov,  Phys.  Z.  Sowjetunion  1,  289  (1932). 

L.  S.  Ornstein,  J.  P.  A.  van  Hengstum,  and  H.  Brinkman,  Physica  5,  145  (1938). 

R.  B.  King  and  D.  C.  Stockbarger,  Astrophys.  J.  91,  488  (1940). 

C.  G.  Matland,  Phys.  Rev.  91,  436  (1953). 

J.  P.  A.  van  Hengstum  and  J.  A.  Smit,  Physica  33,  86  (1956). 


Relative  intensity  of  cadmium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  cadmium 


Strong  I 

ines  of  cadmium 

Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

1500 
360 

2288.  02 
3610.  51 

I 
I 

0-43692 
31827-59516 

4d'05s2       'So— 4df  5si5pi  iP| 
4(ii»5si5p'  SP^— 4d">5s'5di 

Cadmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

60 

2144.  38 

II 

0-46619 

5 

3133. 17 

30656-62563 

110 

2265.  02 

II 

0-44136 

32 

3261.  06 

0-30656 

2.  0 

2267.  47 

30656-74745 

80 

3403.  65 

30114-59486 

1500 

2288.  02 

0-43692 

250 

3466.  20 

30656-59498 

8 

2306.  61 

30656-73996 

80 

3467.  66 

30656-59486 

4 

2312.  84 

II 

46619-89844 

360 

3610.  51 

31827-59516 

8 

h 

2329. 28 

31827-74745 

70 

3612.  88 

31827-59498 

5 

2572.  93 

II 

44136-82991 

7 

3614.  45 

31827-59486 

5 

h 

2836.  91 

30114-65354 

80 

4678.  16 

30114-51484 

8 

h 

2880.  77 

30656-65359 

140 

4799.  92 

30656-51484 

2.0 

2881. 23 

30656-65354 

280 

5085. 82 

31827-51484 

16 

h 

2980.  63 

31827-65367 

26  h 

6438.  47 

43692-59220 

11 


CALCIUM 

Ca,  Z=20,  M=40.08,  Ratio  ^=0.6308 

Cu 


Ca  I  Normal  state  of  valence  electrons  4s^  ^So  =0.  I.P.— 49305  K 
Ca  II  Normal  state  of  valence  electrons  4si  %j^=0.    I.P.  =  95748  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology,  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 
Ca  I  and  Ca  ii 

C.  E.  Moore.  Atomic  Energy  Levels,  NBS  Circ.  467,  Vol.  1  (1949). 

C.  E.  Moore,  A  Multiplet  Table  of  Astrophysical  Interest,  1945  Ed.,  NBS  Technical  Note 
36  (1959). 

C.  E.  Moore,  An  Ultraviolet  Multiplet  Table,  NBS  Circ.  488,  Sec.  1  (1950). 
Intensities : 

J.  W.  Schuttevaer,  M.  J.  deBont,  and  T.  H.  van  den  Broek,  Physica  10,  544  (1943). 
K.  H.  Olsen,  P.  M.  Routly,  and  R.  B.  King,  Astrophys.  J.  130,  688  (1959). 


Relative  intensity  of  calcium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  calcium 


Strong  lines  of  calcium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

4200 

3933.  67 

II 

0-25414 

3p84s»  2So>^— 3pfl4p>  2pjj^ 

2200 

3968.  47 

II 

0-25192 

1100 

4226.  73 

I 

0-23652 

3pHs'  iSo  — 3p64s'4pi  iPf 

12 


Calcium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
truin 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

4 

2398.  56 

J 

0-41679 

10 

h 

5188.  85 

J 

23652-42919 

3.0 

2721. 64 

I 

0-36732 

11 

5261. 70 

I 

20335-39335 

3.  5 

2994.  96 

15158-48538 

13 

5262.  25 

20335-39333 

2.  0 

2997.  31 

} 

15210-48564 

11 

5264.  24 

20349-39340 

2.  0 

2999. 64 

J 

15210-48538 

O  Q 

C.O 

5265.  56 

I 

20349-39335 

2.  0 

3000.  86 

J 

15210-48524 

48 

5270.  28 

I 

20371-39340 

7 

3006.  86 

I 

15316-48564 

16 

5349.  47 

I 

21850-40538 

3.  0 

3009.  20 

15316-48538 

2.  5 

h 

5512. 96 

23652-41786 

20 

3158.  87 

II 

25192-56839 

12 

5581. 97 

I 

20349-38259 

5U 

3179.  33 

II 

25414-56859 

5588.  75 

I 

20371-38259 

9 

3181. 28 

II 

25414-56839 

10 

5590.  11 

I 

20335-38219 

5 

3624.  11 

15158-42743 

36 

5594.  45 

I 

20349-38219 

10 

3630.  75 

15210-42745 

24 

5598.  47 

20335-38192 

10 

3644.  41 

\ 

15316-42747 

12 

5601. 26 

J 

20371-38219 

12 

3706.  03 

II 

25192-52167 

5602.  84 

J 

20349-38192 

15 

3736.  90 

II 

25414-52167 

22 

5857.  46 

J 

23652-40720 

4200 

3933. 67 

II 

0-25414 

34 

6102. 72 

I 

15158-31540 

1.2 

3948.  90 

15158-40474 

95 

6122. 22 

15210-31540 

3.  5 

3957.  05 

\ 

15210-40474 

3.0 

6161.  29 

{ 

20349-36575 

3968.  47 

II 

0-25192 

I'+U 

6162. 17 

J 

15316-31540 

14 

3973. 71 

J 

15316-40474 

3.  0 

h 

6163.  76 

I 

20335-36555 

1100 

4226.  73 

I 

0-23652 

6 

h 

6166.  44 

I 

20335-36548 

24 

4283.  01 

15210-38552 

7 

6169. 05 

20349-36555 

22 

4289.  36 

\ 

15158-38465 

14 

h 

6169. 56 

{ 

20371-36575 

4298.  99 

J 

15210-38465 

/  U 

6439. 07 

J 

20371-35897 

110 

4302. 53 

J 

15316-38552 

18 

6449. 81 

J 

20335-35835 

26 

4307.  74 

I 

15210-38418 

3.  5 

6455.  60 

I 

20349-35835 

40 

4318.  65 

15316-38465 

70 

6462. 57 

} 

20349-35819 

30 

4425.  44 

\ 

15158-37748 

8 

6471.66 

20371-35819 

DD 

4434.  96 

J 

15210-37752 

6493.  78 

J 

20335-35730 

18 

4435.  69 

J 

15210-37748 

8 

6499.  65 

J 

20349-35730 

140 

4454.  78 

I 

15316-37757 

2.0 

6572. 78 

I 

0-15210 

18 

4455.  89 

15316-37752 

4 

h 

6717.  68 

{ 

21850-36732 

1.  0 

4456.  62 

\ 

15316-37748 

19 

7148. 15 

21850-35835 

1.6 

h 

4526. 94 

J 

21850-43933 

9 

7202. 19 

J 

21850-35730 

2.5 

4578.  56 

J 

20335-42170 

6 

h 

7326.  15 

J 

23652-37298 

5 

4581.  40 

20349-42171 

12 

8498.  02 

II 

13650-25414 

8 

4585.  87 

20371-42171 

100 

8542. 09 

II 

13711-25414 

5 

h 

4878.  13 

21850-42344 

55 

8662.  14 

II 

13650-25192 

6 

h 

5041.  62 

21850-41679 

13 


CARBON 

n 

C,  Z=6,  M=  12.011,  Ratio  ;^=0.1890 

Cu 

C  I  Normal  state  of  valence  electrons  2s^2'p'^  ^Pq  =0.  I.P.=  90878  K 
C  II  Normal  state  of  valence  electrons  2s^2p^  ^PoK2=0.    I.P.=:  196659  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

C  I,  A.  Fowler  and  E.  H.  Selwyn,  Proc.  Roy.  Soc.  (London)  [A]  118,  34  (1928). 

Intensities : 

H.  Maecker,  Z.  Physik  135,  13  (1953). 
J.  Richter,  Z.  Physik  151,  114  (1958). 

Relative  intensity  of  carbon  line  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  carbon 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

10 

2478.  57 

I 

21648-61982 

2s22p2  'So— 2s22pi3s»  >P! 

CERIUM 


Ce,  Z=58,        140.13,  Ratio  ^=2.205 

Ce  I   Normal  state  of  valence  electrons  4/^ 6s^  =0..  I.P.«45000  K 

Ce  II  Normal  state  of  valence  electrons  4.J^bd}%s^  *H|j^=0. 

References 

Wavelengths : 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945), 
below  7000  A. 

C.  C.  Kiess,  Sci.  Papers  BS  17,  317  (1921),  above  7000  A. 
The  references  given  above  were  supplemented  as  follows : 
W.  E.  Albertson,  unpublished  wavelengths,  2500  to  7400  A. 
C.  H.  Corliss,  unpublished  wavelengths,  6700  to  9000  A. 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  WUey  & 

Sons,  New  York,  1939). 
About  40  wavelengths  in  the  region  4900  to  5500  A  were  measured  on  the  plates  of  this 

investigation. 

Classification : 

Ce  I    (normal  state)  I.  J.  Spalding,  unpublished  material  (May  1960). 
Ce  I    (spectrum  assignment  only) 

A.  S.  King,  Astrophys.  J.  68,  194  (1928). 

F.  W.  Paul,  Phys.  Rev.  49,  156  (1936). 

Ce  II,  G.  R.  Harrison,  W.  E.  Albertson,  and  N.  F.  Hosford,  J.  Opt.  Soc.  Am.  31,  439  (1941) 
and  unpublished  material. 

G.  Racah,  BuU.  Research  Council  Israel  5A,  No.  1  (1955). 

Molecular  Spectra : 

CeO,  W.  W.  Watson,  Phys.  Rev.  53,  639  (1938). 
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Relative  intensity  of  cerium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  cerium 

Strong  lines  of  cerium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

250 

220 

200 
200 

4186.  60 

3952.  54 

3801.  53 
3QQQ  24 

6968-30847 
/  2642-27935 
1  6638-31931 
7234-33531 
9^89_97^«0 

190 
190 
190 
170 
1  fiO 

X  \J\J 

3942.  75 
4012.  39 
4133.  80 
4460.  21 

6913-32269 
4523-29439 
6968-31152 
3854-26268 
9'ifi^-9QQ0Q 

150 
150 
140 
140 
1  4.0 

4040.  76 
4562.  36 
3942.  15 
4137.  65 

4.980  04. 

3594-28335 
3854-25766 
0-25360 
4166-28327 
9fi49_9<;Q4t; 

140 

130 
120 
120 

4296.  67 
4073.  48 
3882.  45 
4391.  66 

4fi98  Ifi 

ij 

4166-27433 
3854-28396 
2596-28345 
2596-25360 

41  fifi-9'i7fifi 

110 
110 
110 

no 

1 1  0 

3560.  80 
3716.  37 
4075.  71 
4075.  85 
4999  fiO 

jj 

5969-34044 
0-26900 
5651-30180 
4911-29439 

100 
100 
100 
100 
Q5 

3854.  19 
3854.  32 
4151.  97 
4471.  24 

SI 

1874-27812 
1874-27811 
5514-29592 
5617-27976 

90 
90 
90 
90 

QO 

3201.  71 
3272.  25 
3838.  54 
3878.  37 
4lfi'i  fii 

6913-38138 
5651-36202 
2642-28686 
1410-27187 
7<^41_'i1  Q4n 

85 
85 
85 
85 

ou 

3709.  29 
3709.  93 
3808.  12 
3889.  99 
^991  17 

4204-31156 
988-27935 
2382-28634 
5456-31156 

80d 

80 

80 

80 

3623.  84 
3660.  64 
3667.  98 
f      4198.  67 
1       41 Q8  79 

1 

6390-33977 
988-28298 
2880-30135 
7341-31152 
41 fifi-97Q7fi 

76 
75 
75 
70 
70 

4071.  81 
4248.  68 
4572.  28 
3539.  09 

2635-27187 
5514-29044 
5514r-27379 
2581-30829 
1 41 0-9781 9 

70 
70 
70 
70 
70 

3848.  60 
3853.  16 
3956.  28 
4123.  87 
4127.  37 

4204-30180 
0-25945 
4911-30180 
6913-31156 
5514-29735 

70 
70 
70 
70 

4149.  94 
4239.  91 
4337.  78 
4418.  78 

5819-29909 
3854-27433 
2635-25682 
6968-29592 

Term  combination 


4/26s  a  *  Hen— 4/26p  z 


4/26s  a  ^HsH- 
4/26s  a 


lliji — ■ 

463h— 

159 

'Gw— 

179 

— 

q 

-4/26p 
-4/26j0 


z'Gi^ 


153j^ —  1174K 
4/26s  o  *H3H— 4/26p  z  qi^ 

4/26s  a  4/26p  z  *B.ly^ 

lllH—  1043>^ 

4/26s  a  *B.i^—4p6p  z  «H|j^ 
4/26s  a  ^H3H;-4/26p  z  ^G^^ 

^^IVi —  119oH 

4/26s  a  ♦H4H— 4/26p  z 


^HSh— 


18741^ 

*G5M 


^Hlj^ — -  1122}^ 

4/26s  a  *H5H— 4/26p  2  ^Hg^ 
4/26s  a  2H4H— 4/26J0  «  ^H|h 


113^ 
4/26s  o  2H5>i— 4/26p 

^Hgj^ — 
*H3h— 

'I'm— 


2325j^ 
2134H 
I2I2H 
1073H 

^H4K 

I2O5H 
^Gs)^ 


433h —  I863H 
^Hs^ —  *G3)^ 

4/26s  a  2H5K— 4/26p  2  'GS>^ 
4/26s  a  *H4^4/26p  2  2H3h 


107; 


3K 


IO2H 

4/26s  a  ^Hsj^— 4/26p  2 
4/26s  a  ^HsH— 4/26p  2 


2G3h- 

1453>^ 

qiH— 

^H3H 

^HSk — 

^Haj^ — 

1043H 

^HSh— 

^H3>^4/26p 

2^G|h 

384)^ — 

^H4H 

<H3H— 4/26p 

2  ^H3h 

lOlH— 

103,H 

<H6H— 4/26p 

2*H§H 
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Cerium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

trunn. 

Energy- 
Levels 
in  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

6 

2461. 48 

6 

2745.  72 

9 

2462.  97 

8 

2750.  89 

II 

5651-41992 

4 

2464.  36 

3.  0 

2756.  80 

3.0 

2473. 39 

12 

2761.  42 

II 

0-36202 

3.  0 

2486.  37 

7 

2762.  22 

II 

8403-44595 

4 

2498.  98 

3.  0 

2762.  90 

II 

6 

2513.  30 

3.  0 

2767. 01 

8 

2518.  51 

4 

2780.  01 

II 

2581-38542 

3.0 

2519.  02 

II 

988-40674 

3.  0 

2781. 89 

II 

988-36924 

6 

2543. 09 

3.  0 

2781.  99 

II 

6638-42573 

14 

d 

2548.  68 

10 

2784.  27 

2.  0 

2551. 77 

8 

2785.  35 

2.5 

2562. 42 

8 

2790.  53 

4 

2569.  17 

11 

2791.  42 

2.  5 

2569.  88 

3.  5 

2803.  04 

5 

2573.  14 

3.  0 

2810. 18 

J  J 

2563-38138 

2.  0 

2592.  34 

II 

2635-41198 

2.5 

2811. 87 

II 

2581-38134 

5 

2609.  50 

7 

2814.  81 

6518-42034 

2.0 

2609.  90 

5 

2814.  96 

7059-42573 

5 

2613. 90 

5 

2817.  50 

J  J 

5716-41198 

6 

2635.  15 

22 

2830.  90 

J  J 

7259-42573 

2.  5 

2647. 11 

8 

2833. 31 

2.0 

2648.  30 

3.  5 

2835.  60 

5943-41198 

2.5 

2649.  33 

2. 5  d 

2837.  89 

6521-41748 

24 

2651. 01 

2837.  99 

J  J 

0-35226 

2.  5 

2656.  84 

3.  0 

2839.  36 

J  J 

2596-37804 

6 

2666.  50 

II 

3594-41085 

1.8 

2841. 72 

II 

8281-43461 

4 

2673. 07 

II 

1410-38810 

2.  5 

2842. 52 

2635-37804 

5 

2682.  73 

II 

3594-40858 

1.  8 

2842. 83 

2.  5 

2687.  99 

3.  0 

2845.  45 

2.  5 

2691. 69 

3.  5 

2849.  03 

J  J 

3363-38453 

15 

d 

2695.  96 

II 

4911-41992 

7 

2854.  67 

II 

1874-36894 

2696.  07 

II 

1874-38954 

7 

2854.  88 

2635-37652 

10 

2706.  88 

II 

4266-41198 

3.  5 

2855. 32 

3.  0 

2708.  13 

II 

5119-42034 

3.  5 

2855. 45 

J  J 

2642-37652 

3.  0 

2709.  41 

II 

5676-42573 

3.  5 

2855. 72 

J  J 

2581-37588 

9 

2715. 17 

II 

2581-39400 

6 

2858.  01 

2715.  24 

3.  0 

2859.  52 

9634-44595 

3.0 

2717.  28 

1.  8 

2861. 35 

{J 

988-35926 

3.  0 

2719.  98 

II 

5819-42573 

3.  5 

2861. 62 

J  J 

2596-37531 

10 

2723. 38 

4 

2862.  79 

J  J 

0-34921 

3.  0 

2724.  95 

II 

2635-39322 

3.0 

2866.  81 

II 

4523-39395 

2.5 

2729.  16 

II 

5943-42573 

3.  5 

2871. 08 

988-35808 

2.0 

d 

2730.  70 

2.  0 

2871. 63 

0-34813 

2730  80 

II 

5965-42573 

20 

2874. 14 

2.5 

2732.  04 

II 

4266-40858 

6 

2880.  64 

J  J 

5969-40674 

4 

2732.17 

3.0 

2881.  13 

7294-41992 

5 

288?  61 

6518-41198 

3.0 

2736.33 

4 

2885.  29 

9 

2741.  96 

3.5 

2888.  70 
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Cerium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

n  QQn    1  "7 

lU 

jUUj, bb 

T  T 
11 

OA/10      1  CQO  A 

coHc — joyco 

1.4 

2892. 03 

II 

4266-38833 

7 

3008.13 

II 

6638-39872 

1.4 

2892.  15 

II 

6518-41085 

32 

3008.  79 

II 

2581-35808 

A 

T  T 
I  I 

4^bb  —  ^ooiU 

/I 
4 

^Ull.  00 

T  T 
1  1 

/I  /I  An      '27  ACO 

44bU  —  J  1 ODc 

0 

^oV4. 

T  T 
I  1 

cioc  — ^b7^4 

3U 

1  m  7  on 
^Ul  /.  ZU 

T  T 
1  1 

C  A7  A      '2  0  01  n 

bb  /  b  —  3oolU 

-T 
1 

T  T 
1  1 

CJOd — 

z 
b 

jKjcU,  00 

T  T 
1  1 

c;7i  A    iQQi  n 
b / 1 b  —  ^ooi  U 

9 

2908.  42 

II 

4460-38833 

4 

3021. 04 

II 

5437-38529 

2.5 

2912. 91 

II 

10275-44595 

2.5 

3022.  79 

2.  b 

^Vib.  bb 

T  T 
11 

^^bJ  —  ^  / bb<i 

b 

moi  /II 

T  T 
1  1 

/ICOI  •27CQQ 

4bA^  —  ^ /boo 

3.  b 

Zl7ib.  DO 

T  T 
1  1 

Hcob  —  ^OD^^ 

inoi  /iQ 

T  T 
1  1 

QQO  D      /1 1  QQO 
07A0  —  4i77A 

Q 
O 

T  T 
I  1 

co'\d  —  ^0074 

"ino/l  t;7 

2.0 

2918.  78 

II 

4202-38453 

3.0 

3026.  62 

II 

4202-37232 

3.0 

2922.  37 

2.0 

3027.  63 

II 

4323-37342 

2.  U 

cncc,  bo 

T  T 
1  1 

b 

inOQ  QA 
JVJCO,  7b 

T  T 
1  1 

b^7U  —  jyjvD 

o 

T  T 
1  1 

^OOU  —  ^  /  UDD 

14 

JVjVt  Jl. 

T  T 
1  1 

C;£!1  Q     "iQQI  n 
Doi7  —  ^ OOiU 

2.  D 

T  T 
1  1 

t^z:  J  —  jo'^Oj 

J.  u 

T  T 
1  1 

CJOC  —JOJHO 

2.0 

2934.  35 

II 

4460-38529 

6 

3033.  12 

II 

4845-37804 

3.0 

2939.  54 

17 

3037. 73 

II 

4323-37232 

3.  b  n 

z:74U.  /7 

T  T 
1  1 

jb74  —  J  /boo 

j»  b 

jU^7.  Di 

T  T 
1  1 

bbbl  —  ^ob4A 

b 

OQ/l  /I  "it: 

P.  b 

■^n/1/1  /I  n 
jVjhh,  Hi) 

T  T 
1  1 

cnil  "270/10 

bUil  —  J  /o47 

/I 

b 

■sn/lA  71 
^U4b.  /i 

T  T 
1  1 

C71  A  '2DC;OQ 

b /lb  —  jojcy 

3.5 

2955.  60 

II 

7259-41083 

3.0 

3050.  59 

10 

2955.  94 

II 

2382-36202 

16 

3051.  98 

II 

2.  b 

OQCZ.  "71 

T  T 
11 

n  0 
U  —  ^^oiii 

^0 

nt;t:  0/1 
^Ubb.  z:4 

T  T 
1  1 

/I  c;i  1  "27010 

4bll  —  J  1 cjc 

4 

driov,  11 

^b 

inn;A  7D 
^U3b.  /o 

T  T 
1  1 

OA/10  "2C;'X/IA 

n 
7 

C70^,  OU 

T  T 
1  1 

bb  /  b  —  ^7^7b 

J.  b 

JUbo.  bb 

T  T 
1  1 

C11Q  "27Qn/l 

bll 7  —  ^ / oU4 

7 

2965.  27 

II 

5119-38833 

2.0 

3059.  74 

II 

4523-37196 

3.5 

2970.  32 

II 

3996-37652 

55 

3063.  01 

II 

7234-39872 

Q 
O 

^17  bo 

T  T 
1  1 

47II  —  ^ob4z: 

b 

inAQ  AQ 

^Ubo.  bo 

T  T 
1  1 

/lOAA  "lAQ/l/1 

4Abb  — ^bo44 

4 

OQ-7/1      /I  Q 

/:7  / 4.  4o 

7 

/ 

"inAQ  A/1 

^Ub7,  bf 

T  T 
1  1 

/it;i  1  77n7Q 
—  J  1  v  ly 

4 

^17  /  4.  bl 

T  T 
11 

A  on  c     10/1  ci 
4o4b  —  3o4b^ 

0 

"^071     1  1 
JV  /  X,  11 

T  T 
1  1 

1  Q7/1       "X /I  /I  0  A 

io / 4  —  ^44Ab 

32 

2976.  91 

II 

4266-37849 

7 

3071. 62 

II 

2382-34929 

12 

2977.46 

II 

5819-39395 

4 

3072.  39 

II 

2382-34921 

lU 

0  Q  Q  n  /IT 
iC7oU.  41 

Q 
0 

JV  1  c,  07 

T  T 
1  1 

Clio  '27At;0 
bll7  —  ^  / bbA 

-7 
/ 

OQQi  on 

^70l,  7I 

T  T 
11 

43<ip  —  J  / o47 

J.  b 

•2  07  A  0 
J\J  1  0,  CD 

T  T 
1  1 

AQAC,  "i7"i/10 

4o4b  —  J  1 jHc 

/I 

4 

O  Q  Q  /I  dC 

/i7o4.  bb 

T  T 
1  1 

0^/10      "J  AT  "iQ 

b 

JKJ  1  I.JJ 

T  T 
1  1 

c;  ACI      IQl  1Q 

bbbl — ^ol^o 

8 

2985.  82 

II 

4323-37804 

4 

30n.  64 

2985.  91 

II 

3363-36844 

8 

3079.  64 

II 

5676-38138 

2.  U 

^:7ob.  b  / 

T  T 
1  1 

1  07 /I         C'Z/l  A 

lo  /4  —  ^3^4b 

7 
1 

'?n7Q  Q1 
JU  /  7.  71 

T  T 
1  1 

1  B7  A      "2/1  "2  "2  "2 
io  /H  —  ^4^^^ 

OQQn  Q7 

cyyyj.  0 / 

T  T 
11 

cpoc — ^DoUo 

b 

"inon  A/i 
^UoU.  b4 

3.  U 

Q 
0 

moo  "in 

JVOC, JU 

T  T 
1  1 

"I7n/1      "J  Alio 
^  /U4  —  ^bl^o 

2.0 

2991. 90 

26 

3083. 67 

II 

6390-38810 

9 

2994.  42 

II 

4266-37652 

20 

3084.44 

II 

5437-37849 

CO 

^77b, b4 

T  T 
1  1 

b4^  /  — ^ooiu 

lb 

man  77 

^U7U.  J  1 

T  T 
1  1 

7C:0"?  1QQ70 

/  DC  J  —  jyo 1 c 

4 

OQQO  77 

T  T 
11 

/I  CI  1  17Q/1Q 

4bll — ^ /o47 

A 

b 

-inon  i^o 

^U7U.  oc 

T  T 
1  1 

OCD1  "i/lQOQ 

Aboi  —  jHycy 

3,  b 

OQQQ    /I  ^ 
z:777.  4^ 

T  T 
11 

^D7't  —  J07CH 

c 
D 

■^noi  OQ 

^U7±. C7 

T  T 
1  1 

OCQI  "i/IQOI 

cDOi.  —  jHycl 

2999.  48 

II 

4323-37652 

3.5 

3095.  59 

II 

5675-37971 

O 

^UUU.  U  / 

T  T 
1  1 

Z.O0U  —  ^D^Uil 

IH 

"^noA  i;n 

^U70.  DU 

T  T 
1  1 

AQI  1  _  "^ 71  Q  A 
4711  —  J  1 1 7D 

13 

3002.  14 

II 

3594-36894 

5 

3096.  88 

II 

1874-34155 

15 

3002.  75 

II 

4511-37804 

3.0 

3097.  08 

17 


Cerium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
len  fytH 
in  A 

Spec- 
trum 

Energy 

T  ,P^\Tf>\  Q 

in  K" 

^.  -5 

J±  Uil,  DO 

1  R 

•zi  qq  90 
jx 77.  Co 

T  T 
1 1 

Do  /  D  — ^Dv^'f 

30 

3103.38 

II 

3594-35808 

4  d 

3200. 52 

II 

4323-35559 

7 

3104.  01 

II 

3996-36202 

90 

3201.  71 

II 

6913-38138 

1  4 

XD 

■^1  n7  Z17 

AA'^ R  —    RRl  n 

q 

■^90^  QA 

T  T 
X  X 

7m  9  _1R1  qi; 

/ UX^  — J0X7D 

O 
O 

^  J.  UO,  70 

QQ9Q  _  /ll  nQ"? 
o  7/i  o  —  Hi  UO^ 

q 

7 

•191  n  qc, 
Jax U.  73 

T  T 
X  X 

At;i  Q _i7Ac;9 
ODX  0  —  D 1 ODc 

1QQA  _  1  AT  1H 
^770  —  JDJ.^O 

1  R 

191  R  Ifl 

jaxo.  jo 

T  T 
X  X 

11A1  "Xli^KOU 
DDOD —  DHHCO 

24 

3111.17 

II 

2635-34768 

65 

3218.  94 

II 

6913-37971 

3.5 

3114.  05 

II 

1874-33977 

9 

3220.  87 

J,  -> 

1.1  o-i  c;7 
jlcj, D 1 

/mi  1  _  lACLl  7 

Rn 

ou 

"^991    1  7 

T  T 
X  X 

HDCD  —  DDDD7 

1  Q 

JLC 1 , Dj 

J?J7H  —  DDDD/ 

A 
t 

^999  41 
JCCC, tx 

TT 
X  X 

AOr\0  _1c;99A 
HCVC —  DDCCO 

/19  AA  _  1A9n9 
HCOO  —  JOC\jC 

/I 

■^99"^  "^7 
J  CCD, D 1 

TT 
X  X 

7R1  R  _1RR11 
/ OX  0     DOOD  D 

22 

3130.  87 

II 

0-31931 

30 

3225.  67 

II 

8403-39395 

13 

3132. 59 

II 

2382-34295 

65 

3227.  11 

II 

2596-33574 

1  c 
13 

c;Q/11  —  '^7RZIQ 
D^Hj  — ^  /  OH-v 

q 

•i99q  1  9 
DCCy,  i.C 

T  T 
X  X 

AOf^f^  —  •^c;99  A 
HCOO  —  DDCCO 

99 
cc 

'^99Q  "^A 

DCCy,  JO 

T  T 
X  X 

CDvO  —  DDDDD 

Q 

7 

n  "^7  An 

11 A"^  _1c;99A 
j^Oj — jDCcO 

A 

•i9in  no 

DCD\),  UO 

T  T 
X  X 

QRR  _  •^l  q'^R 
700  —  DLvDO 

4 

3138.30 

11 

3704-35559 

44 

3231.24 

II 

3996-34934 

9 

3142.31 

II 

988-32802 

13 

3233.  44 

II 

2635-33553 

9  Am  —  1A/19  A 
CODD  — j'^'^CO 

At; 

OD 

'^9'^Zl  1  A 

JcJH.  XO 

T  T 
X  X 

COHC  —  DDDDD 

CO 

n  Ai;  9Q 

9  AA9  —  1/1/19  A 
CO^C  —  ^HH^lO 

•I9*i/i  Qq 

T  T 
X  X 

lO'KH  —  "^Rl  "^R 
/  CDH  —  J70XJ0 

n 
H 

•il  /lA  oi 
jLho,  cj 

/I 
t 

jCjD,  UX 

26 

3146.  41 

II 

2382-34155 

7 

3235. 67 

II 

4911-35808 

9 

3148.  46 

II 

3594-35346 

36 

3236.  74 

II 

4460-35346 

/, 

D 

n  /ID  At; 

7nc;Q  _  1RR1  n 

1 UD7  —  POoiU 

JO 

■^94"^  "^7 

T  T 
X  X 

HD  CD      DD  DHO 

n  AQ  /II 

II 

/i/i  An  _  iA9n9 

q 

7 

■^9/1^  1  7 
DCHD,  X  / 

TT 
X  X 

HHOU      DD  COO 

-7 
1 

jLdI..  Lj 

t^l  1  Q  _  1AR/1A 

1  R 
X  o 

■^9AA  A7 

DCHO,  0  t 

T  T 
X  X 

DDOD       DH X  D D 

12 

3154. 51 

II 

2642-34333 

9 

3249.  19 

II 

2642-33410 

30  d 

3155.  69 

II 

4523-36202 

4 

3249.  43 

II 

4460-35226 

HDD,  /v 

II 

1  fl7A  iic;t^l 

1 

X  _P 

"^9^9  4R 

DCDC, HO 

T  T 
X  X 

7914  _l7q7l 

/ CDH      D  1  /  1  X 

CO 

•11  /L/l     1  C 

II 

91D9  _ 11Q77 
CjOC — ^^7 / / 

1 

X  J 

JtJT-.  UX 

T  t 
X  X 

D  1  U*t       DHH  CO 

13 

n  AA    9  /I 

9c;Q1      1/n  c;c: 

q 

7 

'^9RR  R7 

JCDO,  0  / 

T  T 
X  X 

79Q4  — "^TQ?! 

1  C/H       D  1  /  1  X 

9 

3166.  61 

II 

2596-34166 

18 

3260.  98 

II 

8176-38833 

4 

3167.23 

II 

9634-41198 

13 

3263.  45 

II 

8176-38810 

n  A7  19 

1QQA  ICCCIQ 
^77b  —  jDDD^ 

1  R 
xo 

'^9A'^  RR 

DCOJ,  00 

T  T 
X  X 

•1704  _'Z4ii'i 

D 1 Ut      DHD  D  D 

CO 

n  AQ    1  Q 

II 

c;ac;i  _  171  QA 
DbDl —  ^ / 1 70 

A 
t 

TT 
X  X 

7c;9i  —381  3R 

11  71  Al 

3i / i. bi 

9A1t;  1A1 

q 

7 

■^971  1 

/  X.  X  D 

TT 
X  X 

4 

3172.30 

II 

9 

3271.  55 

II 

6638-37196 

12 

3176.80 

II 

8403-39872 

4 

3271.  96 

4 

n  77  1  n 
31  /  /.  I't 

II 

/l/IAn  1c;Q9A 

■^979  nA 

DC  1  C,  UO 

TT 
X  X 

?c;qa_  ■^•ii  4q 

CDVO       D D XH / 

/I 

4 

11  7  Q    7  C 

31  /o,  /  D 

II 

11A1     1/lHl  1 

Qn 

■^979 

DC  1  C,  CD 

TT 
X  X 

4 

11  o n  09 
31oU,  o^ 

91D9      11S1  9 

cioc — ^^ol^ 

j\} 

%71A  RA 

D  C  1  *T.  00 

TT 
X  X 

t;A7A_^lA9n9 

44 

3183.  52 

II 

4523-35926 

13 

3276.  25 

II 

2635-33149 

7 

3184.21 

II 

2581-33977 

13 

3279.  01 

II 

5437-35926 

22 

n  o  ^  11 
31o6.  13 

II 

COI  Q      171  QA 

r)ol7  —  J  / 1 7b 

1  R 
X  o 

'^97Q  R4 

DC  1  /,  OH 

T  T 
X  X 

9'lQ9_19RA1 
CDOC  J£-\J\JJ 

16 

n  oo  TO 
31oo,  /7 

II 

1QQA  1C;1/1A 
P77b  —  jD^'f  b 

7 

■^9Rn  4Q 

JAOU.  47 

TT 
X  X 

4460  —  34934 

9 

1 1  O  O    A  /I 

31oV.  b^ 

O/LIC  11Q77 

t 

■^9Ri  1  n 

J^OX.  X  u 

18 

3190.34 

II 

2642-33977 

9 

3283.  35 

II 

7523-37971 

/I 

n  Qi  11 

A 
u 

3283  68 

II 

2635-33080 

65 

3194.  83 

4911-36202 

4 

3284.  22 

II 

5119-35559 

4 

3195.  94 

2596-33876 

30 

3285.  22 

II 

3996-34426 

18 


Cerium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

9 

3286  03 

II 

4511-34934 

22 

3366  55 

II 

X  X 

4460  —  34155 

9 

3290.  34 

II 

3594-33977 

5 

3368.  69 

II 

2642-32318 

4 

3290.  58 

II 

4845-35226 

4 

3368.  79 

4 

3293.  59 

II 

4460-34813 

18 

3371  17 

II 

4511-34166 

22 

3295  29 

II 

3996-34333 

18 

3373  46 

II 

X  X 

2563  —  32198 

13 

3296.  19 

II 

7259-37588 

18 

3373  73 

II 

4523  —  34155 

18 

3296.  88 

II 

6521-36844 

7 

3375.  78 

II 

8928-38542 

9 

3299.  99 

44 

3377.13 

II 

4911-34514 

20 

3300.  15 

II 

5819-36112 

13 

3379.  17 

II 

4460-34044 

22 

3304  84 

II 

5676-35926 

9 

3381  49 

II 

6638-36202 

13 

3306.  63 

II 

5969-36202 

18 

3383.  69 

II 

4266-33811 

13 

3307.  23 

II 

2635-32863 

7 

3387.78 

II 

5716-35226 

22 

3308.  02 

II 

2581-32802 

9 

3390. 52 

II 

3594-33080 

3308  09 

II 

988-31208 

9 

3393  92 

II 

4204-33660 

9 

3309.  27 

II 

5716-35926 

6 

3394  14 

II 

\  ~y      ^        ^  /II 

13 

3311. 50 

II 

3363-33553 

3  5 

3396.  72 

II 

3746-33177 

18 

3312.  22 

II 

8897-39079 

4 

3400.  25 

II 

7523-36924 

6 

3313.  30 

II 

5965-36138 

7 

3403. 60 

II 

4202-33574 

9 

3314.  04 

II 

0-30166 

3-  5 

3404.  13 

22 

3314  72 

II 

3g96_341  55 

18 

3404. 91 

II 

1874-31235 

18 

3317.  80 

II 

5676-35808 

22 

3405.  98 

II 

4460-33812 

12 

3318.  96 

II 

5437-35559 

4 

3407.  24 

II 

11743-41083 

4 

3320.  42 

II 

3704-33812 

8 

3416.  56 

II 

5965-35226 

4 

3325.  06 

13 

3416  86 

II 

988-30246 

16 

3325!  33 

II 

8131-38195 

26 

3417.  45 

II 

5676-34929 

4 

3327. 66 

II 

2596-32638 

7 

3417.  90 

II 

8403-37652 

6 

3327.90 

II 

5676-35716 

9 

3418.  93 

13 

3329.  00 

II 

4737-34768 

13 

3420.  18 

II 

4323-33553 

7 

3330.  48 

7 

3422. 51 

II 

8928-38138 

4 

3331. 22 

II 

4323-34333 

55 

3422. 71 

II 

3594-32802 

9 

3333.  04 

II 

0-29994 

10 

3423. 85 

II 

9634-38833 

9 

3333! 66 

II 

5819-35808 

7 

3425.  34 

II 

2382-31568 

18 

3334.46 

II 

10058-40040 

6 

3425.  94 

II 

7713-36894 

9 

3339.  51 

II 

2382-32318 

36 

3426.  21 

II 

988-30166 

7  h 

3340.  89 

II 

5011-34934 

7 

3426.  58 

II 

2563-31738 

22 

3341  87 

II 

4511-34426 

12 

3430  32 

II 

7059-36202 

30 

3343.  86 

II 

5819-35716 

6 

3431.  50 

II 

4911-34044 

40 

3344.76 

II 

4266-34155 

16 

3433.  09 

II 

10275-39395 

9 

3346  52 

II 

4460-34333 

7 

3435.  20 

I 

13 

3349  97 

II 

5716-35559 

3435.  21 

II 

5819-34921 

9 

3352  28 

II 

4511-34333 

7 

3437. 81 

I,  II 

16 

3352.  94 

II 

3594-33410 

13 

3439.  83 

II 

4511-33574 

3352. 99 

II 

2382-32198 

26 

3441. 21 

II 

2880-31931 

7 

3353  33 

II 

6390-36202 

13 

3442.  38 

II 

4511-33553 

18 

3355  02 

II 

X  X 

1410-31208 

6 

3442. 96 

II 

5119-34155 

16 

3356  41 

II 

X  X 

3363-33149 

8 

3446.  72 

II 

2563-31568 

22 

3357.  22 

II 

4266-34044 

7 

3451.  56 

II 

5965-34929 

18 

3360.  54 

II 

11310-41059 

4 

3454.  81 

I 

16 

3361.  76 

II 

3794-33531 

4 

3456.  67 

II 

988-29909 

9 

3364.  35 

II 

988-30703 

9 

3456.  77 

II 

6638-35559 
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Cerium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trnin 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

7 

3459.  83 

J  J 

9634-38529 

6 

3528  05 

11 

581  9  —  -^41  55 

4 

3460.  16 

II 

2140-31033 

4 

3528. 64 

9 

3461.34 

4266-33149 

4 

3529.  04 

II 

5716-34044 

4 

3461. 79 

7259-36138 

15 

3530  02 

IT 

X  X 

9 

3463. 22 

J  J 

7059-35926 

8 

3530.  95 

11 

X  X 

4737  — '^3050 

9 

3463.  76 

JT 

5651-34514 

8 

3531  59 

11 

X  X 

4737  — '?'^045 

16 

3464. 21 

TT 

5119-33977 

8 

3532  61 

TT 

X  X 

4 

3467.  78 

J  J 

1874-30703 

8 

3532  88 

11 

X  X 

9 

3468. 11 

J  J 

4323-33149 

55 

3534.  05 

II 

4204  —  32492 

7  d 

3468.  89 

JT 

988-29807 

14 

3534  44 

II 

X  X 

7523  —  35808 

3469.  00 

JT 

9634-38453 

8 

3535  57 

II 

X  X 

2880  —  31 1  56 

4 

3470.  41 

II 

988-29794 

10 

3536.  70 

II 

10275-38542 

7 

3474.  22 

3363-32139 

6 

3537.  13 

9 

3475.  68 

1874-30637 

10 

3537  44 

II 

X  X 

5716  —  33977 

44 

3476.  84 

J  J 

10642-39395 

6 

3538.  79 

II 

6518-34768 

7 

3477.  45 

J  J 

7059-35808 

70 

3539.  09 

II 

2581-30829 

9 

3479.  61 

II 

0-28731 

4 

3541. 66 

II 

3704-31931 

13  d 

3480.  27 

0-28725 

8 

3543.28 

II 

9634-37849 

3480.  38 

3594-32318 

4 

3543  52 

II 

5943  —  34155 

7 

3480  98 

J  J 

12366-41085 

19 

3545.  60 

II 

2880  —  31076 

7 

3481. 16 

J  J 

5437-34155 

15 

3545. 78 

II 

2382-30577 

13 

3482.14 

II 

3704-32413 

26 

3546.19 

II 

1874-30065 

22 

3482.  35 

4845-33553 

14 

3547.  00 

II 

4323-32508 

12 

3484.  74 

2880-31568 

6 

3548.  84 

II 

X  X 

9634-37804 

65 

3485.  05 

J  J 

0-28686 

8 

3551.  43 

16 

3488.  55 

J  J 

7059-35716 

11 

3551.  66 

II 

3704-31851 

13 

3490.  13 

II 

5651-34295 

3551.78 

II 

4266-32413 

8 

3493. 11 

4460-33080 

5 

3552. 07 

II 

3594-31738 

9 

3493  72 

3704-32318 

22 

3552  73 

II 

2563-30703 

7 

3495. 01 

J  J 

3594-32198 

10 

3554.  63 

9 

3495  94 

J  J 

4266-32863 

38 

3554. 99 

II 

2581-30703 

7 

3496.33 

II 

2642-31235 

6 

3556.  89 

5 

3500.  68 

3.5 

3558.  71 

II 

5716-33808 

15 

3501. 45 

1874-30425 

110 

3560  80 

II 

5969-34044 

4 

3506]  25 

J  J 

2563-31076 

4 

3561, 54 

II 

4166-32235 

19 

3507.  95 

J  J 

1410-29909 

8 

3562. 09 

II 

4204-32269 

8 

3508!  47 

J  J 

2581  -31076 

10 

3563.  82 

II 

4266-32318 

6 

3508!  71 

T  J 

12366-40858 

11 

3568.  13 

II 

9634-37652 

5 

3510*  69 

J  J 

5819-34295 

8 

3569.  32 

II 

5651  -33660 

11 

'h^Yh  79 

J  J 

988-29439 

4 

3570.  98 

II 

2581-30577 

3513  86 

11 

3572. 43 

55 

3517.38 

II 

7294-35716 

8 

3573. 70 

II 

3594-31568 

5 

3518.37 

10115-38529 

4 

3575.29 

II 

8176-36138 

14 

J.  1 

3519  08 

{J 

2635-31043 

I—  \J  ^  -J         _X  _L.  \J  ~  ^ 

19 

3576.  23 

II 

1410-29365 

19 

3520  52 

J  J 

1410-29807 

95 

3577. 46 

II 

3794-31738 

4 

3520  98 

J  J 

5651-34044 

8 

3580.  56 

II 

1874-29794 

30 

3521.  88 

n 

4911-33297 

8 

3583. 66 

II 

9634-37531 

o 
o 

1  n 

3584  34 

TT 

X  X 

4911-32802 

19 

3526.  68 

8 

3586.75 

II 

11 

3527.  85 

II 

0-28338 

4 

3587.  22 

II 

5943-33812 
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Cerium  —  All  Observed  Lines 


Intensity 
cLnd 

Wave- 
length 

-i  A 

m  A 

Spec- 
trum 

Energy 
ijC  V  eis 

in  W 

m  r\. 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum. 

Energy 
Levels 
m  is. 

18 

3587.  64 

5943-33808 

38 

3653.11 

II 

2880-30246 

o 
o 

JDOO,  XJ 

An 

DU 

jojj,  d  / 

T  T 
1  1 

J  1 74  —      1 Do 

19 

3588.  43 

II 

5437-33297 

28 

3654.97 

II 

2642-29994 

30 

3590. 60 

II 

5969-33812 

160 

3655.  85 

II 

2563-29909 

6 

3594.  61 

II 

0-27812 

4 

3658.26 

II 

2581-29909 

10 

3596.  12 

8403-36202 

40 

3659.  23 

II 

1410-28731 

t 

J?  3  y  D,  /  J 

J  c 

"^Ac^Q  Q7 
J?D3  y,  y  / 

T  T 
1  X 

XHX  U  —  CO  1  C.D 

14 

3598.  20 

II 

2382-30166 

16 

3660.16 

II 

10275-37588 

8 

3599.  97 

II 

4737-32508 

80 

3660.  64 

II 

988-28298 

15 

3600.  54 

II 

6390-34155 

12 

3661.  73 

II 

4266-31568 

6 

3603.  36 

5119-32863 

9 

3662.  99 

II 

4266-31559 

J.  t 

^ Out-.  ^ U 

yoo     iLO  1 

ft 

•^AA"^  70 

T  T 
X  X 

AQ^  1  _  '2,01  QR 
H/XX  Pc.±vO 

36 

3607.  63 

II 

5437-33149 

5 

3664.  73 

II 

5437-32717 

50 

3609.  69 

II 

7234-34929 

7 

3665. 05 

II 

3854-31131 

11 

3610.91 

II 

7341-35027 

8 

3666.  02 

I 

11 

3611.34 

JJ 

2563-30246 

8 

3667.28 

II 

5819-33080 

^  ox  J. . 

1  o  1  \J     y  ^  ^  ^  / 

80 
o  u 

3AA7  98 
^  oo / .  y o 

TT 
X  X 

oftftf)  —  "^m 

8 

3612.32 

II 

4523-32198 

14 

3668.  72 

II 

0-27250 

38 

3613.70 

II 

4266-31931 

8 

3670.49 

5 

3615.  63 

II 

5924-33574 

12 

3671.94 

II 

2581-29807 

11 

3616.20 

5651-33297 

20 

3672.17 

*  > 

II 

"^Al  ft  Rft 

-I'll  1  —"^71  ^9 

H3XX  J?L.±JV 

7A7?  79 

TT 
X  X 

/  t.  y*t  ^H-/X^ 

6 

3619.  92 

II 

2563-30180 

16 

3673.  64 

II 

2581-29794 

4 

3621.  15 

II 

5437-33045 

8  d 

3674.  05 

II 

9634-36844 

40 

3622.15 

II 

6913-34513 

3674.15 

6 

3622.  44 

3363-30962 

8 

3676.16 

II 

2596-29790 

ou  u 

A'^Qn  — '^'^Q77 

OJ vU  —  JJ/I  1 

Q 
o 

A79  1  A 
J\j  1  y .  X  O 

TT 
X  X 

12 

3624.  18 

II 

2581-30166 

20 

3679.  42 

II 

8176-35346 

8 

3628.25 

II 

2581-30135 

16 

3680. 08 

II 

2642-29807 

4 

3628.  62 

I 

4 

3680.  85 

II 

2635-29794 

5 

3630.  42 

II 

10115-37652 

16 

3681.  38 

II 

8403-35559 

xo 

1  A 

■^Aft?  OR 

T  T 
X  X 

14 

3632.11 

II 

2642-30166 

4 

3686.  04 

4 

3633.  40 

II 

0-27515 

16 

3687.  80 

II 

3594-30703 

8 

3637.  75 

II 

3594-31076 

6 

3688.  66 

II 

5943-33045 

12 

3638.  28 

JJ 

5819-33297 

4 

3689.16 

II 

4460-31559 

t 

■^AZin  AQ 
P  D'tU.  O  y 

Am  ft  —  ■^'^077 

ft 

"^693  4? 

T  T 

X  J. 

1 n?75  —  3734? 

5 

3642.  83 

4 

3693.  71 

II 

8281-35346 

4 

3644.29 

II 

5716-33149 

24 

3694.  91 

II 

2382-29439 

12 

3645. 23 

II 

5437-32863 

6 

3695.  96 

12 

3645.45 

II 

2642-30065 

5 

3696.12 

II 

3996-31043 

1  A 

"XUAk  AR 

1  n 

J.  \J 

■^697  AA 

T  T 

J.  J. 

32 

3646.  97 

II 

2382-29794 

5 

3698.13 

II 

4202-31235 

24 

3647.  75 

II 

7523-34929 

9 

3698.  36 

II 

6521-33553 

24 

3647.95 

II 

8403-35808 

11 

3698.  66 

II 

2880-29909 

4 

3649.  73 

4460-31851 

12 

3699. 92 

II 

4911-31931 

8 

3650.  12 

}{ 

2596-29984 

10 

3702. 79 

II 

3704-30703 

16 

3650.  88 

18 

3704.  98 

II 

5819-32802 

12 

3652.  11 

9 

3706.  94 

II 

4202-31171 

6 

3652.  26 

II 

11949-39322 

7 

3707.  39 

II 

4166-31131 

609065  O  -62  -3 
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Cerium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 

1X1  I\ 

Spec- 
trum 

Energy 

T    A  Y  r  A  1  c 

XjC  V  c  J-b 

in 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

85 

3709.29 

II 

4204-31156 

14 

3755.  72 

II 

5617-32235 

85 

3709  93 

TT 

JL  X 

988  —  27935 

13 

3757  ?? 

TT 

J.  X. 

7R1  R  — 34d7A 

4 

3713.  99 

II 

988-27905 

13 

3757.86 

II 

2563-29167 

9 

3714.77 

4 

3760.  40 

II 

2581-29167 

3.0 

3715.14 

6 

3760.  69 

II 

4460-31043 

10 

3715. 47 

II 

6390-33297 

24 

3762.  98 

II 

7341-33908 

110 

3716  37 

IT 

0-26900 

7 

3763  61 

IT 

X  X 

9 

3716.  93 

II 

7259-34155 

55 

3764.12 

II 

2880-29439 

6 

3717.48 

16 

3765.  04 

II 

4523-31076 

34 

3718.19 

II 

1410-28298 

7 

3765.  89 

II 

5651-32198 

34 

3718.38 

II 

4204-31090 

13 

3766.  51 

II 

3704-30246 

17 

3719  80 

TT 

X  X 

2563  —  29439 

4 

3768  on 

II 

X  X 

4151 1—31  043 

5 

3722.10 

II 

5514-32373 

24 

3768.  76 

II 

8403-34929 

12 

3722.29 

II 

2581-29439 

8 

3769.  04 

II 

1410-27935 

9 

3122,1b 

II 

2596-29450 

13 

3769.  94 

II 

8403-34921 

3.5 

3723.  66 

II 

4323-31171 

17 

3770.  77 

12 

3724  64 

TT 

X  X 

5011-31851 

^\JX.X  ^X.\J.JJL 

24 

3771  61 

II 

X  X 

4323  — 308P9 

34 

3725. 68 

II 

5969-32802 

5 

3772.  65 

II 

5819-32318 

14 

3726.96 

II 

988-27812 

7 

3773.  21 

II 

1410-27905 

40 

3728.  02 

II 

5676-32492 

6 

3773.  44 

II 

5437-31931 

9 

3728.18 

II 

2635-29450 

6 

3776.15 

65 

3728  42 

TT 

5456  —  32269 

20 

3776  61 

II 

X  X 

3594-30065 

4 

3729.  00 

II 

4266-31076 

11 

3777.  67 

II 

1874-28338 

6 

3729.  92 

II 

3363-30166 

3.5 

3779.  61 

II 

4511-30962 

11 

3730.  33 

II 

11742-38542 

2.  0 

3781.10 

II 

5119-31559 

3.0 

d 

3731.17 

I 

50 

3781.  62 

II 

4266-30703 

3731.26 

I 

36 

3782. 53 

II 

3996-30425 

9 

3731.  88 

II 

8928-35716 

8 

3783.  04 

II 

7234-33660 

8 

3732.46 

II 

2382-29167 

16 

3783.  58 

II 

5716-32139 

5 

d 

3732.  56 

I 

70 

3786.  63 

II 

1410-27812 

3732.58 

II 

2581-29365 

3.  0 

3787.46 

II 

11742-38138 

12 

3733  5? 

TT 

X  X 

Tt-t^U  ^X\J^J 

8 

3787  57 

II 

2635-29029 

9 

3131.  52 

II 

4460-31208 

10 

3787.  91 

II 

988-27380 

13 

3737.  74 

II 

6913-33660 

3.  5 

3788.  21 

II 

4845-31235 

6 

3740.  13 

II 

10115-36844 

42 

3788.  75 

II 

3794-30180 

6 

3741. 01 

II 

2642-29365 

2.  0 

3790.34 

II 

5943-32318 

6 

3741  73 

TT 

J.  X 

6 

d 

3790  81 

3.0 

h 

3742. 22 

I 

3790.  88 

II 

7202-33574 

8 

d 

3744.  00 

I 

7 

3791.  69 

II 

7294-33660 

3744.  05 

II 

5437-32139 

24 

3792.33 

II 

3704-30065 

5 

3746.  37 

II 

4523-31208 

8 

d 

3793.  52 

II 

5965-32318 

14 

3746  40 

T 

X 

3.  5 

3793  86 

II 

7059-33410 

26 

3748.  06 

II 

5819-32492 

8 

3794.  68 

II 

6518-32863 

14 

3750.  08 

II 

6638-33297 

14 

3795.  26 

II 

3794-30135 

12 

3751. 00 

II 

3594-30246 

4 

3796.  67 

II 

7713-34044 

20 

3751. 45 

II 

10275-36924 

8  ' 

h 

3799.  04 

II 

3594-29909 

3.0 

3751.76 

II 

2635-29281 

3799.10 

II 

4323-30637 

11 

3752.  34 

II 

5676-32318 

200 

3801.  53 

II 

7234-33531 

6 

3753. 77 

II 

12763-39395 

65 

3803.10 

II 

2880-29167 

16 

3755.  43 

II 

3363-29984 

4 

3803.  84 

II 

12260-38542 

22 


Cerium  —  All 


Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

4 

3804.16 

II 

5651-31931 

100 

3854.  32 

II 

1874-27811 

iu 

bU 

T  T 

4^U4  — 3013b 

85 

3808.12 

II 

2382-28634 

32 

3857.  02 

II 

5819-31738 

40 

3809.22 

II 

4911-31156 

14 

3857.  24 

II 

3363-29281 

6 

3809.  50 

II 

4460-30703 

30 

3857.  64 

II 

2382-28298 

3.0 

3810.10 

II 

3746-29984 

6 

3857.  82 

II 

4511-30425 

o 
o 

1  Qi  n  on 

D70D  —3^170 

4 

10C~I  QA 

3ob  /.  94 

T  T 
11 

10QL  ooQno 

3796  — 29909 

5 

3811.  62 

\\ 

11743-37971 

16 

3862.47 

II 

5676-31559 

20 

3812.21 

II 

4737-30962 

7 

3865.39 

3.0 

3814.  93 

II 

3704-29909 

13 

3866.  82 

II 

988-26841 

7 

3815.  01 

II 

2140-28345 

16 

3868.14 

II 

3594-29439 

40 

3olD.  o3 

\\ 

bblo  —  i>c  11 1 

13  n 

3o6o.  bU 

T  T 
II 

5716  —  31557 

4 

3816.31 

5943-32139 

5 

3869. 57 

II 

9723-35559 

38 

3817.46 

II 

4845-31033 

13 

3870.  87 

II 

5514-31340 

8 

3818.69 

II 

4523-30703 

3.0 

3871. 81 

II 

7259-33079 

24 

3819.  02 

II 

4460-30637 

5 

3873. 03 

14 

1  DOT  0"7 

3oZi.  <1  / 

CDOi  —  CO  1  CO 

c 

b 

•2  07*2     O  C 

iol i,  CO 

T  T 
11 

lUilb  —  3b9^6 

15 

3821.70 

n 

4266-30425 

22 

3874.  68 

II 

8176-33977 

12 

3823. 70 

II 

8281-34426 

22 

3875.  04 

II 

3996-29794 

38 

3823.90 

II 

2581-28725 

14 

3876.14 

II 

4911-30703 

8 

3827.21 

II 

5437-31559 

50 

3876.  97 

II 

4460-30246 

ID 

^  DO"?    1  Q 

3o^:  /.  3o 

on 

7U 

JO/O,  J  1 

T  T 
11 

1  /IT  n      O  71  Q 7 

13 

3829. 69 

II 

1410-27515 

10 

3879.  07 

II 

14 

3830.  03 

II 

6390-32492 

5 

3879.31 

II 

5437-31208 

38 

3830.56 

II 

7713-33812 

5 

3879.  61 

II 

12366-38134 

40 

3831. 08 

5 

3880.41 

II 

14276-40040 

Q 

7 

3o3/I. 

1  A 
14 

OQQ1  Q~7 

T  T 
11 

CDOL —  COJJD 

8 

3832. 75 

II 

2642-28725 

120 

3882.45 

II 

2596-28345 

40 

3834.56 

II 

2563-28634 
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and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
t  ruiin 

Energy 
Levels 
in  K 

28 

4144.  49 

II 

3854-27976 

20 

4198.  00 

II 

4911-28725 

48 

4145.  00 

II 

5617-29735 

13 

4198.  43 

II 

4523-28335 

34 

4146.23 

II 

4523-28634 

80 

4198.  67 

II 

7341-31152 

6 

4148. 16 

II 

5965-30065 

4198.  72 

II 

4166-27976 

20 

4148.  90 

II 

8789-32885 

24 

4201. 24 

II 

7294-31090 

4201.32 

II 

8403-32198 

30 

4149.  79 

II 

5716-29807 

70 

4149.  94 

II 

5819-29909 

65 

4202. 94 

II 

3594-27380 

30 

41b0, 91 

A 

4 

4^U3. bl 

100 

4151.  97 

II 

5514-29592 

5 

4204.74 

II 

6390-30166 

4 

4152. 93 

4 

4205.16 

16 

4153.13 

II 

1874-25945 

2.5 

4205.  79 

II 

7059-30829 

3.5 

4153.  93 

II 

3746-27812 

2.5 

4205.  89 

II 

10275-34044 

6 

41bb.  CO 

1  Q 
i  7 

/I mo  Ai 
4<:U9.  41 

T  T 
II 

bbl4  — 29263 

13 

4155.53 

II 

9054-33111 

5 

4210.  00 

II 

5283-29029 

32 

4159.03 

II 

8281-32318 

7 

4213. 04 

II 

5437-29167 

10 

4160.11 

II 

4266-28296 

26 

4214.  04 

II 

4911-28634 

4160.18 

II 

7059-31090 

22 

4217.  59 

II 

8532-32235 

o 

o 

4161.  lis 

T  T 
11 

"/"TOO      "21  "7/1  7 

/I 

/I  OOl     1  "7 

4^/dl.  1  / 

11 

4162.  63 

II 

110 

4222.  60 

II 

988-24663 

22 

4163.  52 

II 

11016-35027 

8 

4223. 88 

II 

4266-27935 

90 

4165.  61 

II 

7341-31340 

3.0 

4224.  55 

4 

4166.20 

7 

4227.  41 

II 

5716-29365 

11 

/IT  ^  ^  Ld 

4166.  6b 

T  T 
11 

'Mil  —co/il 

bb 

HCC  /.  /b 

T  T 
II 

c  ^1  -7     000  A  0 

boLi  —Z7db3 

44 

4166.  88 

6 

4228.30 

II 

7059-30703 

18 

4167.  80 

II 

9054-33040 

6  h 

4230.12 

II 

4202-27835 

46 

4169.  77 

II 

5819-29795 

28 

4231.  75 

II 

4169.  88 

II 

4323-28298 

7 

4232. 05 

4 

/IT  "71  1Q 

4171, 39 

T  T 
II 

CQA1  OQQAQ 

by43  —  cy7\}7 

yi  00  0  c"7 

T  T 
II 

coin  onAia 
bol9  —  29439 

8 

4172.16 

II 

2880-26841 

6 

4233.  20 

8 

4174.  48 

II 

4737-28686 

17 

4234.  21 

II 

4202-27812 

5 

4175.24 

II 

5965-29909 

6 

4234.  73 

II 

6638-30246 

9 

4176.  08 

II 

3996-27935 

14 

4236.  02 

II 

4737-28338 

24 

41  / 6.  7U 

II 

VUb4  —  ic707 

D 

4^:36.  36 

T  T 
II 

0 1  /4  — 3^3/3 

5 

4179.  29 

II 

3594-27515 

70 

4239. 91 

II 

3854-27433 

24 

4181.  08 

II 

5119-29029 

6 

4242.  01 

II 

7523-31090 

24 

4185.33 

II 

3363-27250 

28 

4242.  72 

II 

2382-25945 

250 

4186.  60 

II 

6968-30847 

6 

4243.  79 

I 

38 

/IT  0"7  1*^ 

41o7.  5d. 

T  T 
11 

A  A  £^C\       O  Olid 

dc 

AO  AC.  00 

4<:4b.  00 

T  T 
11 

C  Q1  Q  ^C 

D0L7  —  cyjOD 

3.5 

4189.18 

II 

5943-29807 

22 

4245.  98 

II 

4266-27812 

4 

4189.  64 

II 

7294-31156 

6 

4246.  40 

12 

4190.  63 

II 

7234-31090 

28 

4246.  71 

II 

2141-25682 

4 

4191.  03 

5 

4247.  45 

II 

3363-26900 

40 

4193.  09 

T  T 
II 

/<i34  — 31U  /b 

b 

AO  A  0  AO 

T  T 
II 

LU/L  /b  — 33oUo 

26 

4193.28 

II 

8532-32373 

75 

4248.  68 

II 

5514-29044 

26 

4193.  87 

II 

4460-28298 

2.5 

4250.  66 

II 

3996-27515 

13 

4194.  91 

II 

9054-32885 

4 

4251.  60 

II 

8804-32318 

5 

4195. 82 

II 

4511-28338 

4 

4251.86 

II 

4323-27835 

45 

4196.34 

II 

3363-27187 

28 

4253.  36 

II 

3746-27250 

10 

4197.  51 

II 

3996-27812 

5 

4254. 70 

II 

6638-30135 

13 

4197.  67 

II 

3996-27811 

44 

4255.  78 

II 

5676-29167 

27 


Cerium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte: 

Wave- 
length 
in  A 

Spec 
trum 

Energy 
Levels 
m  K 

12 

4256.  16 

II 

4323-27812 

5 

4326.  83 

II 

5924-29029 

8 

4257.  12 

II 

3704-27187 

22 

4330.  45 

II 

2596-25682 

Q 
7 

J.1 

hjjL,  io 

T  T 
1  1 

7  / LJ  —  jdOUC 

8 

4261.  16 

II 

8774-32235 

22 

4332. 71 

II 

5651-28725 

14 

4263. 43 

II 

8403-31851 

5 

4334.  87 

II 

8278-31340 

5 

4263. 95 

II 

8789-32235 

4 

4335.49 

II 

8176-31235 

"^12 

4264.  37 

II 

7259-30703 

28 

4336.  26 

II 

5676-28731 

1 

HCO  /. 

/  u 

A'i'i'J  7Q 
Hjj 1 ,  IO 

T  T 
1  1 

4 

4268.  30 

II 

5943-29365 

24 

4339.  32 

II 

10870-33908 

10 

4269. 25 

II 

7818-31235 

5 

4340.  56 

II 

8176-31208 

44 

4270.  19 

II 

4523-27935 

4 

4342.14 

II 

4911-27935 

28 

4270.  72 

II 

7722-31131 

5 

4342.  49 

II 

10275-33297 

Q 
7 

RQn/l      'XO'\  QQ 

A 

Hjhj, do 

15 

4275.  56 

II 

4523-27905 

16 

d 

4345.  83 

II 

9634-32638 

3.0 

4278.  25 

II 

10799-34166 

4345.  96 

II 

4511-27515 

14 

4278.  87 

II 

2581-25945 

5 

4346.  43 

10 

4280.  14 

II 

5924-29281 

4 

h 

4347. 60 

II 

8176-31171 

Q 
O 

HLOL,  UU 

HHOU  —  CI  OXC 

A'l&'J  71 

T  T 
1  I 

/I  Q1  1  "5701^1; 

^7ii  —  d.  lyyjo 

6 

4281.16 

II 

4460-27811 

^50 

4349.  79 

II 

4266-27250 

20 

4285.  37 

II 

7341-30670 

40 

4352.  71 

II 

4845-27812 

14 

4288.  67 

II 

2635-25945 

12 

4353.  37 

II 

14 

4289.45 

II 

3594-26900 

2.5 

4356.  75 

II 

7234-30180 

/1 1  on    Q  /I 

A 

HjD  /.  7i 

8 

4292. 58 

II 

6518-29807 

7 

4359.  07 

8 

4292. 77 

II 

4523-27812 

7 

4360.18 

II 

6521-29450 

5 

4294.  76 

II 

10275-33553 

5 

4360.  44 

II 

4323-27250 

14 

4296.  07 

II 

8928-32198 

2.5 

4361.35 

3.  U 

Hcyo.  i  1 

Q 

HjOX,  OD 

140 

4296.  67 

\\ 

4166-27433 

4 

d 

4363.  39 

II 

5819-28731 

5 

4299.  09 

II 

3996-27250 

4363. 49 

II 

10642-33553 

42 

4299.  36 

II 

1410-24663 

65 

4364.  66 

II 

3996-26900 

55 

4300.  33 

II 

3594-26841 

7 

4367.  00 

II 

11016-33908 

3.  U 

4iUU.  ob 

c 
D 

/ .  DO 

OC.OL  —  J±X  /  X 

6 

4302. 65 

II 

10642-33876 

6 

4368.  23 

II 

7294-30180 

8 

4304.  28 

5 

4369.  24 

11 

4304.72 

II 

5943-29167 

7 

4372. 40 

II 

4323-27187 

30 

4305.  14 

II 

6913-30135 

3.5 

4373.  22 

II 

5437-28298 

55 

4^06,  IL 

^ioD  — ^  lily 

C,  D 

/1'17'J  QO 
"ti  1  J,  OC 

HD^^  —  C 1  POM 

8 

4309.  58 

\\ 

5969-29167 

3.5 

4375.  17 

11 

7059-29909 

28 

4309.  74 

II 

3704-26900 

38 

4375.  92 

II 

3996-26841 

11 

4310.  70 

II 

3996-27187 

8 

4380.  06 

II 

5011-27835 

8 

4311. 59 

II 

7059-30246 

8 

4381.78 

II 

5819-28634 

2.  5 

oxVi  —  Locyo 

A'KaO   1  7 

c;ri  /I  —  9R'^97 

DDXt  —  COjc.1 

4 

4314. 93 

II 

6638-29807 

5 

4386.  35 

II 

7202-29994 

7 

4315.  41 

II 

7259-30425 

12 

4386.  70 

II 

4460-27250 

10 

4317.33 

II 

8403-31559 

50 

4386.84 

II 

1874-24663 

4 

4317.  99 

22 

4388.  01 

\\ 

6968-29751 

40 

4320.  72 

3704-26841 

12 

4390.  28 

11742-34514 

5 

4324.  60 

120 

4391.  66 

2596-25360 

11 

4324.  79 

7713-30829 

11 

4393.19 

5969-28725 
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Cerium 


—  All  Observed  Lines 


Intensity 
3.nci 

Wave- 
xcng  Lxi 

Spec- 
trum 

Energy 

T    ^inrfil  C 
X-i\^  V       X  O 

in  K 

111  XV 

Intensity 

CLllU 
\_>ilCLX  Ct.V„  Lt.  1 

Wave- 

1  (O  r-\  rr  Vi 
IC^  11^  til 

■in  A 

111  XI. 

Spec- 
trum 

Energy 

T       tro  1  e 
V  d  0 

in  \C 
111  £\. 

6 

4394.  78 

II 

7059-29807 

20 

4467.  54 

II 

4523-26900 

5 

4396  58 

11 

7012-29751 

100 

4471. 24 

II 

X  X 

5617-27976 

14 

4398.  79 

II 

4460-27187 

32 

4472! 72 

II 

3594-25945 

36 

4399.  20 

II 

2635-25360 

3.  0 

4474. 69 

II 

8789-31131 

5 

4400.  54 

II 

2642-25360 

50 

4479.36 

II 

4523-26841 

5 

4400.  87 

II 

5119-27835 

50 

4483.  90 

II 

6968-29263 

4 

4403  30 

11 

11341-34044 

12 

4484.  82 

5 

4405.  47 

II 

5119-27812 

6 

4485! 52 

II 

7878-30166 

12 

4407.  28 

II 

5651-28335 

60 

4486.  91 

II 

2382-24663 

7  d 

4408.  87 

II 

7234-29909 

3.0 

4488.  81 

II 

8804-31076 

25 

4410.  64 

II 

10870-33536 

3.0 

4492. 95 

II 

7341-29592 

25 

4410  76 

IT 

7455-30120 

10 

4494. 22 

II 

6390-28634 

9 

4412.  02 

II 

5676-28335 

9 

4495.*  39 

II 

5011-27250 

8 

4413.19 

10 

4496.  23 

II 

8403-30637 

5 

4413.  80 

II 

7259-29909 

18 

4497.  85 

II 

7722-29949 

22 

4416.  90 

II 

4266-26900 

6 

4500.  34 

II 

9723-31938 

70 

4418.  78 

II 

6968-29592 

1.8 

4501. 10 

I 

5 

4419.30 

II 

5676-28298 

7 

4506.  42 

I 

3.5 

4423. 44 

I 

5 

4508.  08 

II 

5011-27187 

14 

4423.  68 

II 

8532-31131 

6  d 

4509.  14 

II 

7092-29263 

4509.  26 

II 

7722-29892 

22 

4427.  07 

II 

3363-25945 

34 

4427.  92 

II 

4323-26900 

4 

4510. 17 

II 

7818-29984 

22 

4428.*  44 

II 

4266-26841 

3.5 

4510.  92 

II 

8928-31090 

46 

4429. 27 

II 

8774-31345 

6 

4511.  64 

II 

5 

4430.  00 

8 

4515. 86 

II 

8532-30670 

4 

4432. 72 

II 

11742-34295 

2.5 

4518.  02 

I 

5 

4432  92 

II 

5283-27835 

7 

4519.  59 

II 

10870-32989 

3.5 

4433. 73 

II 

8281-30829 

3 

4521.  96 

I 

8 

4437.  61 

II 

6638-29167 

1.6 

4522. 08 

II 

7059-29167 

6 

4439.  24 

II 

11016-33536 

55 

4523.  08 

II 

4166-26268 

9 

4440.  88 

II 

6518-29029 

60 

4527.  35 

II 

2581-24663 

11 

4443  75 

II 

5437-27935 

60 

4528.  47 

II 

6968-29044 

34 

4444.  39 

II 

7455-29949 

6 

4531.31 

I 

32 

4444.  70 

II 

8532-31024 

3.  0 

4532.  01 

I 

4 

4446. 15 

8 

4532. 49 

2.0 

4447.  69 

I 

2.0 

4534.  22 

55 

4449  34 

III  /  •  1 

II 

4911-27380 

6 

4536.  89 

II 

12260-34295 

7 

4449.  64 

5 

4537.  88 

II 

7878-29909 

44 

4450.73 

II 

5514-27976 

8 

4539.  07 

II 

11016-33040 

4 

4452.  55 

60 

4539.  75 

II 

2642-24663 

4 

4453.  16 

II 

4737-27187 

15 

4544. 96 

II 

3363-25360 

A 

4454  99 

IT 

X  X 

4460-26900 

2  5 

4545. 87 

II 

5943-27935 

6 

4455.  66 

3.0 

4546!  06 

I 

3.0 

4457.78 

II 

8403-30829 

4 

4548. 88 

I 

170 

4460.21 

II 

3854-26268 

5 

4549.  64 

II 

11016-32989 

32 

4461.14 

II 

7341-29751 

5 

4550.  30 

II 

9054-31024 

30 

4463.  41 

II 

7722-30120 

18 

4551.  30 

II 

5969-27935 

4 

4464.17 

II 

7341-29735 

1.6 

4552. 07 

I 

10 

4464.  69 

II 

8278-30670 

1.6 

4553.  06 

I 

3.0 

4465.44 

2.  0 

4554. 56 

II 

3996-25945 

29 


Cerium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
C^har  art  p  t 

Wave- 

X      XX  bXi. 

in  A. 

Spec- 
trum 

Energy 

T  ^         1  G 

1X1  x\. 

5 

4555. 43 

A  r" 

2.  5 

4666.  71 

II 

4523-25945 

1.8 

4556.22 

8 

4669.  50 

II 

5 

4558. 60 

II 

4911-26841 

6 

4670.  74 

II 

5437-26841 

46 

4560.  2o 

T  T 

II 

-TO/IT  AAA/.O 

7341  —29263 

5 

A  /  ~TA  AT 

4670. 91 

I 

22 

456U.  76 

T  T 
II 

5514  —  2  /4^3 

o 

A  /  ~t  A  /in 

4674. 49 

I 

Ten 

4562. 36 

T  T 

II 

10CA  OC"7^^ 

3854  —  25766 

13 

A  /  Of\  TO 

4680. 13 

T  T 

II 

Aroi  ^Ar*A*> 

8532  —  29893 

2.0 

4563.  38 

II 

6390-28298 

2.5 

4680.  99 

II 

11016-32373 

4 

4565.  24 

I 

24 

4684.  61 

II 

7294-28634 

30 

A  C      C  OA 

4565.  84 

II 

8774  —  30670 

5 

A / nc  AO 

4685.  23 

T  T 

II 

TATA  AOOr"rt 

7012  —  28350 

3 

4569.  66 

o 

A  /  O  /  AT 

4686.  81 

"7  n 

75 

4572. 2a 

T  T 

II 

5514  —  27379 

—J 

7 

yi  /  o o  on 

4688,  89 

I 

6 

4572.79 

II 

11949-33812 

1.6 

4689.50 

II 

8928-30246 

4 

4576.48 

II 

9723-31568 

2.0 

4690,  17 

II 

7012-28327 

5 

/I  C  "7  O  TO 

A  C 

/I  /  n  A    C  A 

4690.  50 

T  T 
II 

OATO  AncnA 

8278  —  29592 

6 

4579.  28 

A 

4 

A  /  nA  TT 

4690,  71 

I 

2.  5 

4581. 09 

I 

4 

/I     A  A     A  / 

4692,  06 

T  T 

II 

r"A^O  A"7Ar"A 

5943  —  27250 

30 

4582.  50 

II 

5617-27433 

6 

4694,  88 

II 

6518-27812 

1.6 

4583.10 

I 

6 

4696,52 

I 

9 

4591. 12 

T  T 

II 

OAAO  OATA'a 

8928  —  30703 

6 

/I  "7  AT       /I  C 

4701, 45 

60 

^  r*  A O  AO 

4593. 93 

II 

5617  —  27379 

6 

yi  T  A  A  AT 

4702, 01 

4 

yi  C  AT     T  T 

4597. 17 

A 

4 

^  "7  A  "7  AT 

4707, 01 

I 

1.6 

4599.  02 

5 

4707,  28 

I 

2.5 

4601.37 

II 

10646-32373 

4 

4707,  94 

II 

7092-28327 

1.  6 

4604.  21 

T  T 

II 

8281  —29994 

A  A 

2.  0 

A  "7T  A     A  A 

4710,  00 

2.  5 

4605.  48 

T  T 

II 

9317—31024 

18 

>1  "71  /I     A  A 

4714,  00 

T  T 
II 

OAAO       OAT  OC 

8928  —  30135 

30 

A  i-  r\  f    A  {\ 

4606.  40 

T  T 

II 

11  A'i        ^QC\  A  A 

7341  — 29U44 

Q 

7 

A  71  A  OT 

4714,  81 

T  T 
II 

8532  —  29/35 

5 

4608.  49 

I 

8 

4717,  88 

II 

5651-26841 

4 

4610.  47 

I 

3.0 

4722,  30 

II 

4511-25682 

6 

4611, 56 

T  T 

II 

12366  —  34044 

O  A 

3.  0 

A TAO     ^  T 

4723, 31 

T  T 
II 

5676  —  26841 

p- 

5 

/I  /  T  AO 

4613. 02 

T  T 

II 

7059  —  28731 

1  A 

1.  4 

>i  "7  A  /i  OA 

4724,  32 

T 
I 

5 

/I  /  T  r"     A  A 

4615.  20 

T 

I 

3.  5 

4724,  85 

I 

30 
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5582.  74 

I 

1.2 

5671.  41 

3.5 

5584.72 

I 

3.5 

5671. 87 

\ 

2.  0 

h 

^5Rft  7? 

2.  5 

5675. 10 

1.4 

5588.  12 

6 

5676.  88 

3  0 

5588.33 

I 

1.2 

5677.  25 

1.  0 

5589.  25 

13 

5677.  76 

I 

1.  0 

5590.13 

1.2 

5678.  98 

1.4 

T 

X 

1.  8 

5680.  27 

3.0 

5593.  72 

I 

1.2 

5682.  78 

I 

7 

5594.  94 

I 

1.4 

5683. 14 

11 

5595. 87 

I 

3.  0 

5683.  77 

II 

11455-29044 

3.5 

5597.  95 

I 

5 

5685.  86 

2.5 

/O.  yO 

T 

Ji 

1  2 

5687.  82 

26 

5601. 30 

I 

2.5 

5688.  49 

I 

4 

5606.  46 

I 

1.2 

5691.  47 

1.2 

5609.  45 

I 

2.5 

5692. 13 

I 

8 

5610.26 

II 

8449- 

26268 

13 

5692. 94 

5 

T 

X 

2.  5 

5695.  74 

3.5 

5613.70 

II 

11455- 

29263 

8 

5695. 84 

I 

8 

5614.72 

I 

32 

5697.  00 

I 

1.8 

5615.  98 

I 

40 

5699.  23 

I 

1.0 

5616.  53 

6 

5702. 39 

1.8 

5620.  39 

I 

4 

5703.23 

1.0 

5622. 67 

1.  8 

5709.  06 

I 

1.4 

5623.  00 

1.0 

5710.  07 
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Cerium 


—  All  Observed  Lines 


Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

T     ^  "J. 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

5711.  45 

II 

11760-29263 

6 

5810.  72 

I 

1.8 

5712.29 

I 

1.  2 

5811. 83 

a.  h 

T  T 
X  L 

1  2457  —  29949 

13 

5812. 93 

I 

4 

5716.  50 

1.2 

5815.  47 

1.2 

5718.  36 

I 

3 

5817.  78 

II 

8176-25360 

1.2 

5718.  59 

5 

5820.  40 

I 

'26 

5719.  04 

I 

6 

5822.  99 

I 

1  n 

1.  u 

T 

X. 

1.  2 

5823. 46 

3.5 

5721. 96 

I 

1.  4 

5830.  03 

I 

1.0 

5725.  85 

I 

2.  0 

5830.13 

1.8 

5726.  14 

2.  0 

5831. 39 

2.0 

5727.  25 

10 

5831. 93 

I 

1.  o 

2.  0 

5834.  24 

I 

1.8 

5733.  94 

I 

10 

5835. 84 

I 

2.0 

5735. 69 

I 

8 

5838.  16 

I 

10 

5743.  53 

I 

3.  5 

5839.  38 

I 

2.0 

5744.  69 

1.  2 

5843. 11 

I 

-L.  ^ 

t;74A  49 

T 

J. 

4 

5843.  75 

I 

1.0 

5748.  29 

2.  0 

h 

5845. 98 

1.8 

5748.  95 

I 

3.  5 

5848.  34 

1.2 

5752.  52 

1.  2 

5848.  86 

4 

5758.  24 

I 

6 

5851. 06 

I 

A 

3.  5 

5853. 07 

1.0 

5760.  58 

2.  5 

5853.  36 

I 

1.2 

5763. 00 

3.5 

5853.  67 

I 

2.5 

5764.  77 

5 

5857. 13 

I 

2.5 

5765.  34 

I 

2.  5 

5858.  15 

I 

Q 
O 

^76R  90 

T  T 

1.  J. 

10646-27976 

2.  0 

h 

5858.  56 

II 

10314-27379 

2.5 

5769.  95 

I 

5 

5859.  39 

I 

3.5 

5770.  44 

I 

10 

5862. 51 

I 

1.4 

5771. 98 

II 

10058-27379 

1.  2 

5870.  85 

3.5 

5772. 22 

I 

8 

5871. 61 

I 

c 
_) 

D 1 t Urn  OO 

T 
X 

1.  4 

5873. 88 

I 

15 

5773.  12 

I 

2.  5 

d 

5878.  08 

2.5 

5113,59 

I 

4 

d 

5878.  90 

I 

2.0 

5775.  00 

I 

2.  0 

5888.  50 

1.4 

5775.  80 

1.  4 

5892. 48 

I 

A 
H 

4 

5893.  19 

I 

1.4 

5782. 81 

I 

1.  2 

5897.  72 

1.4 

5783.  99 

II 

11760-29044 

1.  4 

5898. 10 

5 

5784.  85 

I 

1.  2 

5899.  70 

1.2 

5786.  86 

1.  2 

5900.  67 

I 

R7R7  77 

4 

5901.  32 

I 

13 

5788.13 

I 

2.  5 

5906.  01 

I 

1.2 

5791.32 

1.2 

5907. 49 

1.8 

5791. 68 

6 

5909.  86 

I 

1.0 

5794.  78 

I 

6 

5910. 13 

I 

4 

5796.  06 

5 

5912. 91 

I 

2.0 

5799.  80 

1.2 

5914.  84 

I 

10 

5804.  42 

I 

5 

5920.  44 

I 
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Cerium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 
and 

Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

2.  5 

5924.  05 

I 

2.  5 

6034.  59 

2.  0 

5924!  87 

3.5 

6035.  49 

II 

13028-29592 

6 

5926.  30 

12 

6043.  39 

II 

9726-26268 

9 

5928  34 

J 

3.  0 

6045. 43 

2.  0 

5929.  50 

6 

6047.39 

I 

3.  0 

5929.  84 

T 

2.  0 

6051.  80 

II 

2.5 

5932!  16 

I 

2.5 

6057.  49 

1.  8 

5933. 58 

3.  5 

6057.  99 

\ 

10 

d 

5934.  44 

2.  5 

6066. 71 

10 

5937.  72 

J 

1.  0 

6068.  63 

2.  0 

5938.  44 

T 

6 

6069.  47 

I 

25 

5940.  85 

I 

4 

6072. 00 

I 

30 

5941. 54 

3.  5 

6076.  60 

3.0 

5942. 66 

J 

1.  8 

6077.  14 

J 

3.  0 

5944.  88 

J 

1.  8 

6080.  37 

2.  5 

5947.  64 

T 

1.  8 

6081. 28 

J 

2.  5 

5950.*  61 

I 

4 

6088.  92 

1.  2 

5951. 21 

3.  5 

6093. 20 

2.5 

d 

5956  84 

5 

6098.  34 

II 

14276-30670 

3.  5 

5959.  70 

1.  2 

6099.  79 

2.  5 

d 

5960  81 

3.  0 

6108. 74 

II 

13527-29893 

1.  2 

5963.  36 

I 

1.8  h 

6111. 95 

1.  8 

5964.  64 

1.  6 

6118.  55 

8 

5966  26 

I 

1.  8 

6118. 89 

J 

3.  0 

5972  10 

1.  0 

6119.  74 

I 

1.  2 

5972. 80 

I 

5 

6123. 67 

I 

8 

5975.  87 

II 

10704-27433 

1.0 

6124. 31 

I 

4 

5975.  98 

I 

1.  0 

6130. 13 

2.0 

5979.  40 

I 

4  d 

6132. 00 

1.  2 

598l! 20 

2.  0 

6135.  52 

5 

5989.  38 

I 

1.  0 

6137.23 

5 

5992. 66 

I 

2.5 

6139.  03 

I 

8 

d 

5995.  35 

II 

10704-27379 

1.  6 

6142. 91 

I 

2.0 

5997. 05 

II 

4 

6143.36 

II 

1.  2 

6000  18 

I 

2.  5 

6146.42 

I 

6 

6001  89 

2.  0 

6147.85 

I 

1.  2 

6003.  66 

1.0 

6149.  58 

6 

6005. 86 

I 

2.  5 

6151. 73 

I 

1.6 

6006  21 

I 

2.  0 

6159.  82 

6 

6006  81 

I 

2.  0 

6162. 17 

I 

2.  0 

6007  36 

2.  0 

6165.  47 

8 

6013.  42 

I 

1.6 

6172. 87 

2.  5 

6016.  57 

I 

2.  0 

6175.  29 

1.0 

6018  79 

I 

4 

6186.16 

I 

1.  0 

6020  60 

I 

1.  0 

6186.  92 

12 

6024.  19 

I 

1.  6 

6187. 91 

I 

1.6 

6027.  16 

I 

1.6 

6195.  25 

I 

1.2 

6031  25 

I 

2.  0 

6195.  55 

I 

2.5 

6033. 58 

II 

2.0 

6198.  05 

3.5 

6034.  20 

II 

11760-28327 

4 

6208.  99 

609065  0-62  -4 
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Cerium  —  All  Observed  Lines 


Intensity 
and 
Character 

"Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

„  Energy 
Spec-          T  1 
Levels 

trum 

in  K 

1.  0 

6209.  56 

I 

0.9 

6461. 89 

I 

1.0 

6211.06 

I 

2.0 

6466.  90 

II  14276-29735 

1.  0 

h 

6212. 50 

3.0 

6467.  42 

T 

I 

1.2 

6216.  84 

0.6 

6468.  97 

II 

1.  0 

6223. 25 

I 

4 

6473. 71 

1.  0 

6228.  23 

I 

1.8 

6490.  99 

I 

5 

6229.  00 

I 

0.6 

6494. 93 

2.5 

6232.  45 

T  T 

II 

9726  —  25766 

1.2 

6503. 27 

T  T 

II 

3.0 

6237.  46 

I 

0.8 

h 

6504.  06 

I 

1.  4 

6238.70 

I 

1.  2 

6507.  16 

1.  4 

d 

6241. 91 

I 

0.  8 

6509. 01 

I 

1.  4 

6242. 91 

2.  5 

6513. 60 

II 

1.  6 

6253. 62 

I 

2.  0 

6517.  30 

I 

1.0 

6256.  35 

0.  6 

6519.12 

1.  4 

6257.  99 

0.  6 

6530.  68 

I 

1.6 

6264.  26 

0.  6 

6534.  50 

1.  0 

6270.  29 

0.  8 

6537.  48 

II 

5 

6272. 05 

T  T 

II 

12457  —  28396 

2.0 

/cm 

6551. 72 

I 

1.6 

6276.  46 

5 

6555.  67 

1.  6 

h 

6286.  40 

0.  6 

6560. 75 

3.  5 

6295.  57 

I 

0.8 

6563. 47 

3.  0 

6299. 51 

II 

15282-31152 

0.  8 

6565.  71 

2.5 

6300.  21 

1.0 

6573.  65 

{ 

1.4 

6306.  63 

\ 

0.5 

6577. 47 

3.  5 

6310.  02 

J 

2.  5 

6579.11 

0.9 

h 

6318.  00 

0.7 

6599. 61 

I 

0.  9 

6331. 98 

I 

0.7 

6605.  39 

I 

2.5 

6335.  37 

1.6 

DoUo.  33 

1.2 

6337.  21 

\ 

1.6 

6606.  86 

II 

1.  4 

6340.  69 

J 

3.  0 

6612.  06 

3.  5 

6343.  96 

II 

1.4 

6623. 00 

I 

0.  6 

6353. 52 

4.0 

6628.  88 

I 

0.  6 

6360.  22 

1.8 

6650. o9 

3.5 

6371. 11 

II 

12705-28396 

0.  8 

h 

6651. 42 

I 

0.  6 

6372.  99 

3.  0 

6652. 77 

II 

0.  9 

h 

6386.  16 

I 

1.4 

6661.  41 

I 

3.  0 

6386.  86 

I 

1.8 

6665.  65 

0.  8 

6390.  32 

1.4 

/  /  "7  C     C  /I 

6675.  54 

11       1c'\d1  —  c  1  'Mi 

2.5 

6393. 02 

II 

1.8 

6679. 81 

1.  2 

6395. 12 

2.  0 

6686.  59 

1.  2 

6396.26 

J 

3.5 

6700.  70 

I 

0.  9 

h 

6399.  91 

I 

7 

d 

6704.  38 

I 

1.2 

6425.  30 

II 

1.4 

67U6.  03 

{ 

3.5 

6430.  07 

0.4 

6710.16 

2  0 

6434.  40 

J 

1.  0 

6713. 48 

I 

2.5 

6436.  41 

J 

1.2 

6720.  32 

II 

0.9 

6439.97 

0.4 

6726.  52 

2.0 

6446.  15 

2.0 

6728. 71 

0.  6 

6451*.  98 

2.0 

6729. 54 

3.5 

6458. 05 

I 

0.  6 

6733.21 

II 
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Cerium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

Energy 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

2.  0 

6744.  70 

II 

13527-28350 

1.  2 

7018.  75 

I 

1.  4 

6746.  89 

2.  0 

7031. 04 

I 

1.  4 

6749.  44 

I 

1.8 

h 

7049.  73 

I 

0.  6 

6755. 08 

II 

13527-28327 

2.  0 

7054.  50 

0.  8 

6764.  65 

I 

1.  8 

7058.  68 

0.  8 

6767.  65 

I 

1.  8 

7060.  01 

0.5 

6770.15 

6 

7061.  75 

4 

6774.  29 

II 

1.8 

7064. 50 

5 

6775.  59 

I 

6 

7086.  36 

1.  4 

6778.  28 

I 

1.  8 

7105.  04 

1.2 

6780.  21 

1.2 

7113.15 

1.2 

6780.  74 

I 

1.8 

7115.  08 

II 

14276-28327 

0.  8 

6793.  81 

1.2 

7120.  84 

0.7 

6801.  75 

1.0 

7123. 46 

0.  7 

6803. 29 

I 

1.  6 

7124.  73 

2.4 

6807. 83 

I 

1.2 

7132. 06 

1.4 

6808.  89 

I 

1.2 

7136.  08 

0.  8 

h 

6811.  66 

2.5 

7141. 42 

1.2 

6815.  29 

1.2 

7141.  68 

,    2. 0 

6818.  25 

I 

3.  0 

7150.  23 

II 

15282-29263 

1.  0 

6826.  43 

I 

1.  6 

7151. 67 

1.  0 

6829.  37 

2.5 

7155.24 

1.4 

6829.  75 

2.5 

7156.  99 

0.  8 

h 

6834.  21 

1.2 

7174.  98 

0.  7 

6839.  94 

1.  2 

7177.  43 

1.  2 

d 

6844.  26 

1.  2 

7182.29 

6844.  49 

1.  0 

7186.  21 

1.  0 

6846.  78 

II 

2.5 

7189.  40 

II 

13527-27433 

1.8 

6847.  25 

I 

1.6 

7191. 72 

I 

1.  2 

6853.  60 

1.  8 

7201. 54 

1.  6 

6856.  55 

2.  5 

7201. 87 

0.7 

d 

6885.  51 

1.  6 

7203. 52 

6885.  72 

2.  0 

7210.  66 

1.4 

6893. 69 

0.9 

7213. 90 

1.  0 

6894.  57 

I 

3.  0 

7217.  34 

1.  4 

6898.  48 

2.5 

7235.  69 

CeO 

1.2 

6899.  10 

3.5 

7238.36 

II 

12457-26268 

0.8 

6904.  58 

2.0 

7241. 66 

CeO 

0.5 

6909.  31 

4 

7252. 72 

I 

1.  2 

6919.  27 

II 

13527-27976 

2.  0 

7262. 64 

4 

6924.  83 

I 

1.8 

h 

7277. 91 

I 

1.4 

6939. 44 

I 

1.0 

7279.  94 

0.  6 

h 

6970.  40 

1.  8 

7296. 16 

2.5 

6973. 50 

II 

3.0 

7301.  43 

1  4 

6983. 83 

3.  0 

7313. 45 

4 

6986.  04 

4 

7329.  92 

2.5 

6999.  92 

I 

2.5 

7330.  67 

1.0 

7013  36 

2.0 

7343. 45 

1.0 

7014.  80 

1.0 

7345.  63 

1.2 

7017.24 

I 

1.0 

h 

7361. 89 

II 

12366-25945 
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Cerium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
tr  u.m 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1  0 

7362. 42 

0.  7 

7752.  85 

1  0 

7363.12 

0.  8 

7762.  95 

1  0 

7372.  53 

0.  9 

7769.  74 

1.0 

7383  72 

0.  8 

7785.  04 

1.4 

7390.  45 

II 

0-13527 

1.  6 

7797.  70 

I 

--10 

7393. 40 

0.  6 

7806.  79 

4 

7397.  76 

I 

1.  2 

7812.  69 

1.  8 

7401.  26 

1.  4 

7835.  88 

2.0 

7417. 94 

0.  6 

7838.  40 

1.  0 

7421. 00 

2.  0 

7842. 60 

I 

1.  8 

7424.  70 

CeO 

3.  5 

7844.  94 

2.  0 

7433. 08 

2.  5 

7850. 02 

1  8 

7438.  58 

2.  5 

7851.  20 

1.0 

7440.  49 

3.5 

7857.  54 

2.  0 

7444.  44 

2.  0 

7864.  51 

1.  0 

h 

7458.  40 

1.  6 

7866.  04 

1.  4 

7462!  31 

0.  8 

d 

7874.16 

1  6 

7472.  41 

2.  5 

7898.  96 

I 

1.  0 

7478.  69 

1.8 

7913.  52 

2.  5 

7486!  55 

1.  6 

7927.  30 

CeO 

1.  4 

7500  68 

1.  6 

7927.  71 

I 

1  0 

7508.  16 

I 

1.  6 

7934.  48 

1  4 

h 

7509. 43 

I 

0.  8 

7953.  57 

1.8 

7527. 44 

1.4 

7972. 11 

1.8 

7527*  68 

1.  2 

7972.  34 

II 

988-13527 

1  6 

7533  70 

3.  0 

d 

8002. 56 

1  4 

7539.  53 

8002. 69 

1  6 

7551. 24 

5 

8025. 56 

II 

0-12457 

2.  0 

7562. 44 

I 

0.8 

8030.  69 

1.  6 

7562*  86 

0.  8 

8031. 43 

1  6 

h 

7563  52 

I 

1.  0 

8040.  01 

1  4 

7586.  01 

0.  8 

h 

8066.  90 

1  6 

7603.  10 

2.  5 

8070.  70 

4 

7616  10 

/  W  X  W  9  XV/ 

0.  8 

8079.  36 

1.2 

7632  56 

1.  0 

8090. 66 

2  0 

ihdh  09 

1.  6 

8094.  43 

1  6 

7647.  91 

2.  5 

8120.  38 

I 

1  2 

h 

7663.  38 

1.  0 

8171.  41 

I 

1.2 

7670  76 

I 

0.  8 

8175.  59 

1.2 

7678  12 

0.  8 

8199.  20 

2  0 

7682  48 

1.  4 

8220. 71 

I 

4 

7689.  17 

1.  2 

8223.  62 

I 

1.  4 

7702. 84 

1.2 

8224.  28 

0.9 

7717  68 

1.0 

8239.  48 

0.  9 

h 

llOA  AO 

1.6 

8241.  54 

1.6 

7732.  34 

I 

1.2 

8245.  20 

I 

0.  8 

7741.44 

0.  8 

8246.  82 

0.7 

7743.  78 

1.0 

8250.  64 

II 

1410-13527 

0.  6 

7746.  66 

2.0 

8261. 09 

I 

2.5 

7748.  34 

I 
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Cerium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  rgy 
Levels 
m  K 

0.  8 

a 

8300.  58 

2.  0 

8539.  08 

T  T 

II 

8300. 72 

1.4  h 

8564.  58 

I 

1.  4 

8310.24 

I 

1.2  h 

8567.  48 

I 

1.2 

8312.  37 

1.  6 

8612. 65 

T 

I 

0.8 

h 

8327. 65 

1. 6  h 

8647.  66 

T 

I 

0.  9 

h 

8355. 16 

1.8  h 

8702.  38 

T  T 

II 

3794  —  15282 

1.4 

8396.  40 

1.2 

8716.  66 

II 

988-12457 

0.9 

d 

8405.  24 

II 

2382-14276 

4 

8772.  14 

II 

2880-14276 

2.5 

8418.  24 

T  /I 

1.  4 

1.8 

8495  R? 

IT 

2  0 

8810  86 

I 

0.9 

h 

8511.34 

II 

5 

8891. 20 

I 

1.4 

h 

8523.34 

I 
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CESIUM 


Cs,  Z=55,  M=  132.91,  Ratio  ^=2.092 


Cs  I  Normal  state  of  valence  electrons  bp^  Gs^  ^'&Qy=Q.  I.P.=  31407  K 
Cs  II  Normal  state  of  valence  electrons  5p®      %  =0.    I.P.  =  202263  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Cs  I,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 

Intensities : 

A.  Filippov,  Z.  Physik  43,  495  (1927). 

H.  J.  Hubner,  Ann.  Physik  H,  781  (1933). 

L.  S.  Ornstein  and  J.  Key,  Physica  1,  945  (1934). 
M.  Beutell,  Ann.  Physik  36,  533  (1939). 


Relative  intensity  of  cesium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  cesium 

Strong  lines  of  cesium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

1500 
800 

8521.  10 
8943.  50 

I 
I 

0-11732 
0-11178 

Spies'  2SoH— 5p66pi  ^PiH 
5p86si  2SoH— Sp^Bpi  ^PoM 

Cesium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

40 

4555.  36 

0-21947 

20 

hs 

6723.  28 

11178-26048 

20 

4593. 18 

0-21766 

20 

hs 

-6973.  29 

11732-26069 

3.0 

hs 

5663.  8 

11178-28829 

3.5 

6983. 49 

11732-26048 

2.5 

hs 

5844.  7 

11732-28836 

4 

7609.  01 

11178-24317 

8 

hs 

6010.33 

11178-27811 

6 

hi 

8015.  71 

14500-26971 

1.4 

h 

6034.  09 

11732-28300 

8 

hi 

8079. 02 

14597-26971 

12 

hs 

6212. 87 

11732-27823 

1500 

8521. 10 

0-11732 

0.8 

6217.  27 

11732-27811 

55 

8761.38 

11178-22589 

2.5 

h 

6354.  98 

11178-26911 

800 

8943.  50 

0-11178 

3.0 

h 

6586.  51 

11732-26911 
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CHROMIUM 


Cr 

Cr,  Z=24,  M=52.01,  Ratio  ^=0.819 

Cu 

Cr  I  Normal  state  of  valence  electrons  Sc^Ms^  ^83  =0.  I.P.=  54570  K 
Cr  II  Normal  state  of  valence  electrons  3c?^      ''82^=0.    I.P.  =  133060  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 

Sons,  New  York,  1939). 
Supplemented  by  lines  from  Kiess  (below). 

Classification : 

Cr  I,  C.  C.  Kiess,  J.  Research,  NBS  51,  247  (1953). 
Cr  II,  C.  C.  Kiess,  J.  Research,  NBS  47,  385  (1951). 

Intensities : 

R.  Frerichs,  Ann.  Physik  81,  807  (1926). 

J.  S.  V.  Allen  and  C.  E.  Hesthal,  Phys.  Rev.  47,  926  (1935). 

N.  P.  Penkin,  J.  Exptl.  Theoret.  Phys.  (U.S.S.R.)  17,  1114  (1947). 

A.  J.  Hill  and  R.  B.  King,  J.  Opt.  Soc.  Am.  41,  315  (1951). 

F.  B.  Estabrook,  Astrophys.  J.  115,  571  (1952). 

L.  Huldt  and  A.  Lagerqvist,  Arkiv  Fysik  5,  91  (1952). 

M.  Davis,  P.  Routly,  and  R.  B.  King,  Conference  on  Stellar  Atmospheres  (Indiana  Uni- 
versity, 1954). 

Y.  I.  Ostrovskii  and  N.  P.  Penkin,  Optika  i  Spektroscopiya  3,  193  (1957). 


Relative  intensity  of  chromium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  chromium 


Strong  lines  of  chromium 


Intensity 


2400 
2100 
1700 
1600 
1300 

900 
850 
700 
440 
360 

360 
280 
240 

200 

190 
190 
180 
170 
160 

160 
160 


Wavelength 
A 


3578.  69 
3593.  49 
4254.  35 
3605.  33 
4274.  80 

5208.  44 
4289.  72 
5206.  04 
5204.  52 
3017.  57 

3021.  56 
2835.  63 
2986.  47 

2677.  16 

2843.  25 
4351.  77 
3014.  76 
2986.  00 
3919.  16 

3963.  69 
4344.  51 


Spectrum 


II 


II 


II 


Energy  levels 
K 


0-27935 
0-27820 
0-23499 
0-27729 
0-23386 

7593-26788 
0-23305 
7593-26796 
7593-26802 
8095-41225 

8308-41393 
12497-47752 

8308-41782 
12304-49646 
12497-49838 

12304-47465 
8308-31280 
7811-40971 
8095-41575 
8308-33816 

20520-45741 
8095-31106 


Term  combination 


4sia'<S3  — 4p 
4sia'S3  — 4p 
4s'  a  7  S3  — 4p 
46i  a  '  S3  — 4p 
4si  a  7  S3  — 4p 

4s'  a  *  S2  — 4p 

4s'  a  '  S3  — 4p 

4s'  a  '  S2  — 4p 

4s'  a  *  S2  — 4p 

4s2  a  *D3  — 4p 

4s2  a  'D4  — 4p 
4s'  a  'D4)^ — 
4s2  a        — 4p 
4s'  a  *D3^ — 4p 
4s'  a  ^Dty^ — 4p 

4s'  a  ^Ds^j — 4p 
4s2  a  6D4  — 4p 
4s^  a  'Di  — 4p 
4s2  a  'D3  — 4p 
4s2  a  'D4  — Ap 

4s'  a  'Ge  — 4p 
4s2  a  6D3  — 4p 


y  'Pi 
V  'Pi 

z  'PI 

y  'P2 

Z  'P3 

z  «P5 
z  'P! 
z  6P2 

2  'Pi 
y  *F| 


y  ^Fi 

z  6F| 
y  'F5 

z  'Fi 
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Chromium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

cc 

TT 

X  JL 

0  —  48639 

3  0 

9A90  9A 

T 

X 

a09R  _4';9Cic; 

OU73  ^DCDD 

18 

2061.  49 

II 

0-48491 

32 

2691.  04 

II 

12497-49646 

12 

2065.  42 

II 

0-48399 

4 

2693.  52 

II 

30219-67334 

n  h 

Jm   U  11 

9'^A4  71 

0  —  d997R 

4 

9A97  91 

L.07  1  .  7X 

T  T 

1  JL 

^U^.77  —  D/JDH 

D 

T  T 
X  X 

■^989^  _7AR79 
jyOCD — /DO/7 

g 

240ft  69 

0308  —  4981  9 

20 

9A9R  41 

TT 
X  X 

1  9'?04  —  49"^  R9 

17 

2496.  31 

I 

1921-^1915 

20 

2698.  69 

II 

11962-49006 

11 

2502.  53 

8095-48043 

2  0 

2700. 60 

I 

8095-45113 

1  9 

9504  31 

8095  —  4R01  4 

13 

9701  99 

^  /  U  X .  7  7 

T 
X 

O^UO  HDJyJO 

q 

9S08  11 

L-        O.  X  X 

7997  —  47786 

2.  0 

9709  ^'^ 

T 
X 

94900  _  A1  1  91 

^.H^UU  DXX7X 

u 

9508  98 

1921  —  47779 

8 

9703  48 

T 

X 

R-^DR  _4(;9RA 

4 

2513.  62 

I 

8095-47866 

2703.  55 

II 

30392-67369 

11 

2516.  92 

8095-47814 

4 

2703. 86 

II 

12033-49006 

Q 
o 

9518  71 

C  -)  1.  O.    /  X 

J 

8095  —  47786 

2.0 

9705  4^ 

C  1  U_J.  '-r  J 

T 
X 

940RA  —  A1  OOR 

CHyJZJO  DXUUO 

9519  59 

y 

oono  _47QQ/ 

7 

9708  79 

TT 
X  X 

^-^^cio-i  —70497 

J  J  -i  C  X        1  U*Tt.  / 

9597  1 9 

J 

4 

9709 

TT 
X  X 

■^■^41  R  — 70'?1  7 

4 

2530.  45 

I 

8308-47814 

16 

2712. 31 

II 

12148-49006 

7 

2534.  34 

II 

12497-51943 

5 

2716. 18 

I 

8308-45113 

t; 

c.  -J T -J. 

7751  —47099 

6 

971 7  51 

T  T 
X  X 

-^1  riR'^  —  A7R71 

^XUO^  D/OfX 

t.  _^  t  / ,  _j  t 

J 

781  1  —47099 

5 

971  R  A-i 

TT 
X  X 

•^il  t^'KO  _  AR'^OA 

-J          u  u 

J 

781 1  — 469A8 

19 

9799  7S 

T  T 
X  X 

1  _4R7c;n 

X(L\J^^  HO/JU 

8 

2557.  15 

I 

7927-47022 

2  0 

2724.  04 

II 

31169-67868 

13 

2560.  69 

{ 

7927-46968 

48 

h 

2726.  51 

I 

7593-44259 

9^71  74 

^  ^  /  X.    /  *T 

Qnqi;  _4A9A8 

5 

9797  9A 

T  T 
X  X 

JXCXv  D/O/D 

CD  1  /  •  DZ? 

ftflQ^  —  4  AS78 

32 

h 

97'^1  91 
^  /  Jx,  /X 

T 
X 

7^9^^  —  441  R7 

5 

9^88  90 

y 

8095  —  46790 

19 

h 

97'^A  47 

T 
X 

759"^  —  441  96 

38 

2591. 85 

I 

8308-46878 

8 

2739.  38 

I 

23934-60428 

4 

2603.  57 

8308-46705 

8 

2740.  10 

II 

12148-48632 

H 

9A99  RA 

Q3nQ_4A499 

11 

9741  07 

C  1  HX.  u / 

T 
X 

940RA  —  A0'i98 

-3 

9A9R  "^9 

anqc.  _  aai  74 

OU  vD      HO±  1 H 

11 

9749  0^ 

T  T 
X  X 

1  90"^'^  —  4R491 

X^U^^  HOH7X 

9A9A  AO 

R^nft  —  4A'^A8 

9749   1 7 

T 
X 

94900  —  A0AR7 

^*TC.UU  DUO-'/ 

2.  0 

2629. 82 

I 

8095-46109 

28 

2743. 64 

II 

11962-48399 

4 

2642.  12 

24200-62037 

4 

2746.  21 

II 

29952-66355 

^0_J^.  -J  / 

1  9(1'^    —  4Q70A 

TT 
X  X 

'>,p,'^^   —  7471  R 

-/0-^X_J  /*T/XO 

^  OIJ  O.  IJ  7 

y  y 

1 1 q^o  —  4QR AR 

12 

h 

9748  99 

T 
X 

77i:;i  —441  9A 

Q 
O 

9AA1  7"^ 

y  y 

1  91  48  — 4970A 

38 

9748  98 

T  T 

X  X 

1  9033  — 4R399 

36 

2663.  42 

11 

12304-49838 

44 

2750.  73 

II 

12148-48491 

8 

2663.  68 

11962-49493 

5 

2751. 60 

I 

7927-44259 

tin 

9AAA  09 

1  91  48  —  49A4A 

32 

9751  87 

TT 

X  X 

1 9304  —  4R639 

jC 

9AA8  71 

yy 

12 

h 

T 

X 

781 1  —441  96 

/OXX  'T'TXt.U 

t  u 

9A71  81 
L.O  1  X.  ox 

y  y 

^  ?^  4ft  — 4QRA^ 

4 

TT 

X  X 

71 nRA  —  A73R0 

32 

2672.  83 

II 

12304-49706 

2  5 

2754.  90 

I 

24834-61123 

200 

2677.  16 

12304-49646 

2  5 

2755.  27 

I 

1  9497  — 498'^8 
±c^y  1  n/O^o 

2.  5 

9756  75 

T 

X 

94897  —  61  1  61 

H 

9A78  1  A 

y 

7997  — 4t^9RR 

1  7 

X  / 

9757  1 0 

T 

X 

7Q97_44i  R7 

CO  I  O.  /  7 

y  y 

1  9(1*^ — 49'^R9 

40 

?7R7  7? 

TT 
X  X 

1  91  4R  — 4R399 

2.0 

2680. 34 

n 

40415-77714 

7 

2758.  98 

II 

38270-74505 

9A 

9Aa7  no 

191  4R  —  49'^c;9 

9 

'?7c;q  -2Q 

11  /  37.  ^7 

TT 
X  X 

-11  91  q  _  A7449 

7 

2688.  04 

8095-45286 

5 

2759.  73 

II 

31169-67394 

6 

2688.  29 

II 

30157-67344 

10 

h 

2761. 76 

I 

7927-44126 

44 


Chromium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

85 

2762.  59 

II 

12304-48491 

55 

2867  65 

IT 

X  X 

ll  QA2— 4AR?4 

XX  /\Jl-        T      LJ  t.  " 

2.  5 

2763!  06 

27817-63998 

24 

2870.  44 

II 

19798-54626 

9  h 

2764.  35 

8095-44259 

12 

2871.  63 

I 

8095-42908 

85 

2766.  54 

II 

12497-48632 

18 

2873.  48 

IT 

X  X 

12033  —  46824 

2  5 

2767.  54 

25038-61161 

^  \J  ^  \J  wXXWX 

10 

2873  82 

II 

X  X 

19631-54418 

28  h 

2769.  92 

T 

8095  —  44187 

36 

2875. 99 

II 

X  X 

20024  —  54785 

2  0 

277l! 45 

J 

23934-60005 

26 

2876!  24 

II 

X  X 

12148-46906 

5 

2778*  06 

II 

39825-75810 

20 

2877!  98 

II 

X  X 

12304-47041 

2  5 

2779.  14 

25106-61078 

8 

2878!  45 

II 

X  X 

12497-47228 

9 

2780  30 

JT 

33521-69478 

14 

2879  27 

J 

X 

7927-42648 

J  J 

38363-74319 

11 

2880  87 

II 

X  X 

19798  —  54500 

70 

2780.  70 

I 

8308-44259 

3.5 

2881.  14 

I 

24056-58754 

8 

2785.  70 

33619-69506 

19 

2887,  00 

I 

7811-42439 

4 

2787  63 

30865-66727 

6 

2888  74 

11 

X  X 

36273  —  70880 

4 

2787.  84 

T 

80 

2889.  29 

I 

X 

10 

2792  16 

II 

33694-69498 

6 

2889  82 

II 

X  X 

32854-67449 

2798.  67 

TT 

6 

2891. 42 

I 

24200-58775 

8 

2800*  77 

TT 

33694-69388 

42 

2893.  25 

I 

8095-42648 

/ 

2812  01 

£_<»'X^a  WX 

JT 

33619-69171 

22 

2894!  17 

I 

7751-42293 

TT 

38563-74114 

^  \J  -J  \J  ^  /~xx~ 

2896  46 

II 

X  X 

32854  —  67369 

TT 

X  X 

40228  —  74743 

7 

2818  36 

J  J 

33521  -  68993 

5 

2822.  01 

II 

33418-68844 

24 

2896.  75 

I 

7927-42439 

20 

2822.  37 

30392-65813 

6  d 

2897.  67 

II 

35608-70108 

2  5 

2826  75 

^\ 

27817-63183 

2897.  73 

II 

X  X 

32845  —  67344 

20 

2830.  47 

TT 

30299-65618 

10 

2898!  54 

II 

31219-65710 

8 

2834  26 

TT 

34631-69903 

9 

2899.  21 

I 

7811-42293 

fUXX           1  t—  I—  /  ^ 

280 

2835.  63 

II 

12^91-^1152 

6 

2899!  48 

II 

l>2'&bb-bll'bi\ 

5 

2836.  48 

35608-70852 

3.  0 

2903.  97 

II 

31118-65543 

2838.  79 

38270-73486 

6 

2904  68 

I 

24940-59358 

13 

2840*  02 

TT 

30219-65420 

20 

2905.  49 

I 

7811-42218 

fwXX             1  t_  t_  X  \J 

190 

2843  25 

TT 

12304-47465 

30 

2909. 05 

I 

7927-42293 

2.5 

2846.  02 

I 

27704-62830 

30 

2910.  90 

I 

8095-42439 

5 

2849.  29 

27817-62903 

28 

2911.14 

I 

8308-42648 

30299-65384 

5 

2911. 68 

II 

35569-69903 

140 

2849  84 

TT 

12148-47228 

7 

2913*  73 

I 

25177-59488 

14 

2851  36 

TT 

30157-65218 

2  5 

2915  23 

II 

35611-69903 

6 

2853. 22 

II 

30219-65257 

2.5 

2915.  46 

II 

39825-74114 

42898-77935 

10 

2921. 24 

II 

40202-74424 

2855  07 

32855-67871 

7 

2921. 82 

II 

31169-65384 

TT 

35569  —  70585 

7 

2927*  08 

II 

X  X 

38563-72717 

100 

2855  68 

J  J 

12033-47041 

9 

2928.  15 

II 

X  X 

30308  —  64449 

10 

2856.  77 

II 

19631-54626 

11 

2928!  30 

II 

31219-65257 

8 

2857.  40 

19798-54785 

II 

38509-72649 

70 

2858  91 

jj 

1  2497  —  47465 

3  0 

2929  44 

II 

X  X 

36273-70399 

50 

2860  93 

TT 

1 1962  -46906 

4 

2930  85 

II 

X  X 

29952  -  64063 

90 

2862  57 

J  J 

1  2304  — 47228 

3  0 

2932  70 

II 

X  X 

31169-65257 

85 

2865.  11 

n 

12148-47041 

6 

2933. 97 

II 
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Chromium  — All  Observed  Lines 


Intensity        Wave-  Energy  Intensity         Wave-  Energy 

and  length       ^     "         Levels  and  length       pec-  Levels 

Character        in  A  in  K  Character         in  A       ^^^^  in  K 
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COBALT 


Co,  Z=27,  M=58.94,  Ratio  ^^=0.928 

Cu 

Co  I  Normal  state  of  valence  electrons  2><P  As^  *F4^=0.  I.P.=  63438  K 
Co  II  Normal  state  of  valence  electrons  3c?*  =0.    I.P.  =  137572  K 
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Relative  intensity  of  cobalt  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  cobalt 

Strong  lines  of  cobalt 


Intensity 
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320 
320 

300 
300 
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300 
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Spectrum 


Energy  levels 
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Cobalt 


—  All  Observed  Lines 


Intensity 

and 
Character 
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length 
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Cobalt  —  All  Observed  Lines 
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Cobalt  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1  n 

9A  H 

L.O  u 

■^1  ci4  AR 

1  AA71  —  AQ^  An 
XOH  /  X  —  HoXoU 

7 

2731.  12 

I 

16471-53075 

3154.  79 

I 

15184-46873 

12 

2740.  46 

J 

7442-43922 

22 

3158.  78 

816-32465 

1  n 

1  A77R  —  ^"^l  9A 

Q 
0 

■^1  77  97 
J  X  1  1 9  c.  1 
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0 

"^1  RR  "^7 
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1  t;774  —  471  9Q 
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A 
0 
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R1  A  —  "^1  R71 
OXD  —  ^Xo IX 

7 

2766.  22 

I 

17234-53374 

8 

3232.  87 

I 

16471-47394 

7 

2778. 82 

15184-51160 

14 

3243. 84 

J 

15184-46003 

9  n 

/  /O. 
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1  A 
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8 
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Cobalt  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
,  ^  Levels 
trum  ^ 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
t  rum 

Energy 
Levels 
in  K 

1300 

3453.  50 

I  3483-32431 

11 

3611. 70 

T 

18775-46455 

65 

3455.  23 

I  1809-30743 

4 

3615.39 

I 

15774-43426 

7 

3456.  93 

I  816-29735 

2.  5 

3620.  43 

18390-46003 

19 

3461.  18 

I  25569-54452 

2.  0 

3624.  33 

\ 

14399-41983 

320 

3462.  80 

I  5076-33946 

4 

3624.  96 

T 

5076-32654 

320 

3465.  80 

I  0-28845 
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3627. 81 
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6 

3471.  38 

I  25569-54367 

8 
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1407-28777 

30. 

3496.  68 

I  4143-32733 

3.5 

3654. 45 

I 

15774-43130 

600 

3502.  28 

I  3483-32028 

3.  0 

3656.  97 

\ 

4690-32028 

36 

3502.  62 

I  1407-29949 
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13796-40622 
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3730. 48 
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17 

3543.  26 
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3732.  40 
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8 
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12 
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70 
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2.  5 
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550 

3569.  38 

I  7442-35451 
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3754.  35 

T 

20501-47129 
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3  d 

3578.  90 
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1.  6 
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3.  0 
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J 

3483-29735 

65 

3585.  16 

I  4143-32028 

3.  0 
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J 

15774-41983 

420 
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I  8461-36330 

6 
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\ 

15774-41970 

120 

3594.  87 

I  1407-29216 

5 

3816.  47 

15774-41969 

100 

3602.  08 

I  1809-29563 

2.5 

3841. 46 

7442-33467 

50 

3605.  36 

I  4143-31871 

60 

3842.  05 

7442-33463 

57 


Cobalt 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

300 

3845.  47 

J 

7442-33440 

2.  5 

4052.  92 

J 

28845-53512 

28 

3861.  16 

I 

8461-34352 

1.2 

4057.  20 

I 

1809-26450 

240 

3873.  12 

3483-29295 

3.  5 

4058.  19 

4143-28777 

120 

3873.  96 

\ 

4143-29949 

3.  5 

4058.  60 

\ 

16196-40828 

12 

3876.  84 

J 

3483-29270 

15 

4066.  37 

J 

7442-32028 

*  34 

3881.  87 

J 

4690-30444 

6 

4068.  54 

J 

15774-40346 

5 

3884.  62 

I 

8461-34196 

12 

4086.  31 

I 

15184-39649 

2.  5 

3885.  29 

{ 

7442-33173 

36 

4092.  39 

7442-31871 

1.2 

3892. 12 

20501-46186 

1.4 

4104.  75 

\ 

18775-43130 

1.  2 

h 

3893.  07 

J 

18775-44455 

24 

4110.  54 

J 

8461-32782 

340 

3894.  08 

J 

8461-34134 

120 

4118.  77 

J 

8461-32733 

24 

3894.  98 

I 

5076-30743 

190 

4121.  32 

I 

7442-31700 

1.  2 

3898.  49 

15184-40828 

1.2 

4158.  42 

23184-47225 

1.2 

h 

3904.  05 

{ 

28845-54452 

2.0 

h 

4162. 17 

\ 

28845-52864 

6 

3906.  29 

J 

4143-29735 

1.  2 

4187.  25 

J 

16471-40346 

7 

3909.  93 

J 

0-25569 

4 

4190.  71 

T 

0-23856 

6 

3917.  11 

I 

18390-43911 

1.  0 

4234.  00 

I 

0-23612 

3.  5 

3922.  75 

8461-33946 

2.  5 

4252.  31 

\ 

816-24326 

1.4 

3925.  16 

\ 

21216-46685 

1.0 

4285.  79 

1407-24733 

1.  2 

h 

3929. 25 

T 

28346-53789 

1.  0 

4331. 24 

J 

27497-50579 

1.  4 

3933.  91 

T 

4690-30103 

2.  0 

4339. 62 

J 

20501-43538 

65 

3935.  97 

I 

7442-32842 

1.  0 

4371.  13 

I 

16778-39649 

7 

3940.  89 

5076-30444 

1.  0 

h 

4373. 63 

\ 

28346-51204 

11 

3941. 73 

\ 

3483-28845 

0.  8 

4391. 57 

24326-47091 

9 

3945.  33 

T 

7442-32782 

1.  0 

4417.  40 

J 

24733-47365 

2.  0 

3952. 33 

J 

3483-28777 

0.8 

4421.  34 

J 

23612-46223 

16 

3952.  92 

I 

7442-32733 

0.7 

4431. 62 

I 

23208-45767 

9 

3957.  94 

4690-29949 

0.  8 

4445.  72 

25041-47528 

2.  0 

3961  00 

\ 

21216-46455 

2.5 

4466.  89 

\ 

24326-46707 

4.  5 

3969. 12 

T 

20501-45688 

4 

4469.  56 

J 

23856-46223 

3.  5 

3972. 53 

T 

28346-53512 

1.6 

4471. 55 

J 

24733-47091 

4 

3973.  15 

I 

15184-40346 

0.  9 

4478.  32 

I 

25041-47365 

4 

3974.  73 

4143-29295 

0.  8 

4483. 93 

\ 

25233-47528 

1.2 

3977.  18 

\ 

18775-43911 

0.7 

4494. 76 

28471-50712 

6 

3978.  66 

T 

4143-29270 

1.  6 

4517. 11 

J 

25233-47365 

5 

3979.  52 

T 

816-25938 

10 

4530.  96 

J 

23612-45676 

2.  0 

3987.  12 

I 

4143-29216 

3.  0 

4533.  99 

I 

25041-47091 

3.  0 

3990.  30 

15774-40828 

2.  5 

4543.  81 

\ 

21920-43922 

3.  0 

3991  54 

29270-54316 

4 

4549.  66 

24733-46707 

3.  0 

3991  69 

T 

4690-29735 

6 

4565.  59 

J 

24326-46223 

2.  0 

3994  54 

T 

5076-30103 

0.  7 

h 

4570. 02 

J 

29295-51170 

260 

3995. 31 

I 

7442-32465 

0.  7 

4580.14 

I 

7442-29270 

42 

3997. 91 

8461-33467 

8 

4581. 60 

\ 

23856-45676 

3.0 

4013  94 

16196-41102 

1.6 

h 

4594.  63 

29295-51053 

1.  0 

4019  30 

J 

4690-29563 

1.6 

h 

4596.  90 

J 

29295-51042 

15 

4020  90 

J 

3483-28346 

0.6 

4623.  04 

J 

25740-47365 

1.0 

4023.  40 

15774-40622 

0.  8 

h 

4625.  78 

\ 

29949-51561 

3.0 

4027.  04 

\ 

1407-26232 

5 

4629.  38 

24628-46223 

4 

h 

4035.  55 

28845-53618 

7 

4663. 41 

25269-46707 

16 

4045.  39 

8461-33173 

4 

4682.  38 

25740-47091 

58 


Cobalt  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

3.5 

4693.  21 

I 

26063-47365 

0.9 

5332.  67 

I 

28777-47524 

0.9 

4698.  38 

I 

26250-47528 

0.9 

5333.  65 

I 

32431-51174 

0.7 

'Mel,  94 

3483  —24628 

0.9 

C^l A  OA 

5334.  84 

32431—51170 

0.6 

4734.  83 

\ 

26250-47365 

1.4 

h 

5341.  33 

\ 

33440-52156 

4 

4749. 68 

I 

24628-45676 

o 

5342. 71 

I 

32431-51143 

0.7 

4754.  36 

I 

26063-47091 

3.0 

5343.  39 

I 

32465-51174 

0.9 

4768. 08 

I 

25740-46707 

0.8 

5347.  49 

I 

33467-52162 

3.0 

4771.  11 

25269—46223 

0.  8 

5349.  09 

33467  —  52156 

3.0 

4776.32 

\ 

26598-47528 

6 

5352.  05 

\ 

28845-47524 

4 

4780.  01 

I 

26450-47365 

3.  U 

5353.  48 

I 

33440-52114 

9 

4792.  86 

I 

26232-47091 

1.6 

5359.  18 

I 

33467-52121 

6 

4813.  48 

I 

25938-46707 

2.5 

h 

5362. 77 

I 

34134-52775 

8 

484U.  27 

25569  —  46223 

4 

536?.  5o 

14036  —  32654 

0.9 

4843.46 

{ 

26450-47091 

0.7 

5381.  10 

\ 

15774-34352 

1  "7 

1  / 

4867.  88 

I 

25139-45676 

i.  u 

n 

5381.  75 

I 

34196-52772 

1..6 

4882. 72 

I 

26232-46707 

1.6 

h 

5407.  51 

I 

33674-52162 

1.2 

4899.  52 

I 

16471-36875 

0.  8 

h 

5436.  99 

I 

33173-51561 

1.2 

5108,  o9 

31700  —  5126o 

2.5 

h 

C  A  A  A     C  *7 

5444. 5 / 

32o42  — 512U4 

2.0 

5122.  77 

\ 

29563-49078 

0.8 

5452.30 

\ 

30743-49078 

1.  o 

5125.  69 

I 

31700-51204 

2.  U 

n 

5454. 56 

I 

32842-51170 

2.0 

5126.  20 

I 

29216-48719 

0.8 

5469. 30 

I 

15184-33463 

2.0 

5133.45 

I 

31700-51174 

1.0 

5470.  46 

I 

30444-48719 

4 

5146.  74 

28777  —  4o202 

1.0 

c  yi  "7  "7  no 

2V747  — 4o2U2 

2.0 

5154.  05 

\ 

31871-51268 

5 

5483. 34 

\ 

13796-32028 

i.  u 

5156.  34 

I 

32733-52121 

1.  u 

5483.  96 

I 

29295-47524 

2.5 

5176.  08 

I 

16778-36092 

0.9 

h 

5489.  65 

I 

32842-51053 

6 

5212.71 

I 

28346-47524 

0.5 

5495. 67 

I 

27497-45688 

6 

5230.  22 

\ 

14036  —  33151 

1.4 

5523.  29 

\ 

18775  —  36875 

5 

5235.  21 

17234-36330 

0.  8 

h 

5524.  98 

33173-51268 

o 

5247.  93 

J 

14399-33449 

2.  U 

5530. 77 

I 

13796-31871 

1.2 

5250.00 

J 

33674-52717 

0.4 

5558.  82 

I 

28471-46455 

1.0 

5254.  65 

I 

32028-51053 

1.8 

5590.  73 

I 

16471-34352 

2.0 

5257. 62 

32028  —  51042 

0.7 

h 

C  /  O  /  TO 

5636. 12 

33463  —  51201 

1.0 

5265.  82 

\ 

29216-48202 

2.0 

5647. 22 

\ 

18390-36092 

3.  0 

5266.  30 

I 

29735-48719 

n  /I 
U.  4 

5659. 11 

I 

16468-34134 

5 

5266.49 

I 

16468-35451 

0.5 

5830.  08 

I 

28777-45925 

3.0 

5268.52 

I 

30103-49078 

1.4 

5890.  48 

I 

16468-33440 

2.0 

h 

5276.  19 

33173  —  52121 

1.4 

5915. 54 

17234  —  34134 

5 

h 

5280.  65 

\ 

29270-48202 

0.7 

5935.  39 

} 

15184-32028 

1.  0 

5283.  49 

I 

33173-52095 

U.  b 

5946.  49 

I 

29563-46375 

0.8 

5287.  57 

J 

29295-48202 

0.8 

h 

5984.  08 

J 

14036-30743 

0.9 

5287.  81 

I 

32654-51561 

2.0 

5991.  88 

I 

16778-33463 

3.0 

com    n  / 

5301.  06 

13796  —  32654 

1.0 

/  n  n  A    z.  "7 
6000. 67 

27216  — 45o/  / 

0.5 

5310.20 

{ 

33946-52772 

0.7 

h 

6006.  36 

\ 

35451-52095 

2.  0 

h 

5312.66 

J 

33946-52764 

0.  7 

h 

6007.  67 

I 

36330-52971 

1.2 

5316.78 

J 

32465-51268 

0.7 

h 

6049. 10 

I 

36330-52857 

0.4 

5321.  72 

33674-52460 

2.0 

6082. 44 

\ 

28346-44782 

1.8 

h 

5325.  28 

\ 

32431-51202 

0.  8 

6086.  65 

27497-43922 

0.6 

5325.  95 

33946-52717 

1.4 

6093.13 

14036-30444 

2.5 

5331.  47 

14399-33151 

1.  0 

6116.98 

14399-30743 
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Cobalt 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Charactei 

Wave- 
length 
in  A 

Spec- 
trum. 

Energy 
Levels 
in  K 

1.  0 

6122.  65 

J 

28777-45106 

1.  2 

7457. 36 

J 

31700-45106 

1.4 

6189.  00 

I 

13796-29949 

0.4 

7533.  48 

I 

32654-45925 

0.  8 

6230.  97 

\ 

14399-30444 

1.  0 

7553.  99 

31871-45106 

1.  0 

6249.51 

16468-32465 

0.  3 

7564.  96 

\ 

39649-52864 

0.  7 

n 

6257.  58 

I 

29949-45925 

0.  5 

7586. 72 

J 

23153-36330 

0.6 

6273. 03 

J 

32782-48719 

0.4 

h 

7590. 57 

J 

16778-29949 

2.  0 

6282.  63 

I 

14036-29949 

0.8 

h 

7606. 30 

I 

32782-45925 

0.  7 

6320.  41 

} 

35451-51268 

0.  8 

h 

7610.  24 

21216-34352 

0.7 

h 

6347.  83 

35451-51200 

1.  8 

7712. 68 

\ 

20501-33463 

0.  6 

6395. 20 

J 

30743-46375 

0.5 

7734.  23 

J 

33449-46375 

1.  0 

6417.  82 

J 

18775-34352 

0.4 

7743. 27 

J 

31871-44782 

0.6 

6429.  91 

I 

17234-32782 

1.2 

7838.  17 

I 

32028-44782 

5 

6450.  24 

J 

13796-29295 

0.  5 

7840.  05 

33173-45925 

2.5 

6455.  00 

29295-44782 

0.  4 

7855.  85 

\ 

33151-45877 

0.  9 

h 

6477.  88 

J 

30444-45877 

0.  3 

7869.  90 

J 

33173-45877 

0.7 

h 

6490. 34 

J 

16468-31871 

0.  3 

7871.  39 

J 

33674-46375 

0.  4 

6551.  44 

I 

15184-30444 

1.6 

7908.  71 

I 

32465-45106 

1.  8 

6563. 42 

16468-31700 

0.  6 

7926.  55 

34134-46746 

0.  8 

6595.  90 

} 

29949-45106 

2.  0 

7987.  38 

J 

16778-29295 

1.  8 

6632. 44 

J 

18390-33463 

3.  0 

8007.  27 

J 

33440-45925 

0.  6 

6678.  81 

J 

15774-30743 

0.  6 

8022. 13 

J 

33463-45925 

2.  0 

6771.  06 

I 

15184-29949 

0.8 

8029.  26 

I 

32654-45106 

2.  5 

6814.  94 

J 

15774-30444 

1.  2 

8043. 33 

\ 

33946-46375 

2.5 

6872. 40 

16196-30743 

1.4 

8056.  06 

33467-45877 

0.  5 

6937.  81 

J 

21920-36330 

0.  3 

8066.  49 

J 

34352-46746 

2.  0 

7016.  61 

J 

16196-30444 

2.  0 

8093. 96 

J 

32431-44782 

0.  9 

7027.  81 

I 

31700-45925 

0.4 

8116.  41 

I 

32465-44782 

5 

7052.  89 

15774-29949 

0.  3 

8152. 11 

\ 

32842-45106 

1.  2 

7054.  04 

21920-36092 

1.  0 

8193. 03 

33674-45877 

11 

7084.  99 

J 

15184-29295 

0.  8 

8208.  66 

J 

34196-46375 

0.  9 

7113.  56 

J 

31871-45925 

2.  0 

8372.  84 

J 

32842-44782 

0.  8 

7134.  32 

I 

32733-46746 

0.7 

8378.  39 

I 

33173-45106 

1.  0 

7154. 71 

16471-30444 

0.  4 

h 

8574.  57 

{ 

21780-33440 

1.  0 

7159. 18 

\ 

32782-46746 

1.  0 

8575.  35 

22475-34134 

0.5 

7193.  60 

J 

32028-45925 

0.  3 

8586.  74 

J 

33463-45106 

0.  7 

7285.  28 

23153-36875 

0.  8 

8589.  73 

33467-45106 

0.  8 

7354.  59 

15184-28777 

0.4 

8661.  09 

21920-33463 

1.  2 

7388.  70 

21920-35451 

0.7 

8819. 15 

41529-52864 

1.8 

7417.  38 

16471-29949 
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COPPER 

Cu,  Z=29,  M=63.54,  Ratio  ^^=1.000 

Cu 

Cu  I  Normal  state  of  valence  electrons  3c?i°4si  2So^=0.  I.P.=  62317  K 
Cu  II  Normal  state  of  valence  electrons  3c?i°      ^So  =0.    I. P.  =  163666  K 
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Classification : 

Cu  I,  A.  G.  Shenstone,  Phil.  Trans.  Roy.  Soc.  (London)  [A]  341,  297  (1948). 
Cu  II,  A.  G.  Shenstone,  Phil.  Trans.  Roy.  Soc.  (London)  [A]  335,  195  (1936). 
Intensities : 

R.  B.  King  and  D.  C.  Stockbarger,  Astrophys.  J.  91,  488  (1940). 

G.  D.  Bell,  M.  H.  Davis,  R.  B.  King,  and  P.  M.  Routly,  Astrophys.  J.  137,  775  (1958). 

Relative  intensity  of  copper  lines  observed  in  an  arc  of  silver  containing  0.1  atomic 

percent  of  copper 


Strong  lines  of  copper 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

k 

5000 

3247.  54 

I 

0-30784 

3di»4si  2SoH— 3di<'4pi  ^PiH 

2500 

3273.  96 

I 

0-30535 

3dMs'  2SoH— 3rf'»4p>  ^PoH 

Copper  —  All  Observed  Lines 


Intensity 

and 
Character 

wave- 
length 
m  A 

Spec-  Energy 
Levels 

trum 

m  K 

Intens  ity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

3.5 

1999.  69 

IT 

21929-71920 

24 

2961. 16 

I 

11203-44963 

2.0 

2024.  34 

0-49383 

4 

2997.  36 

I 

13245-46598 

1.5 

2035.  84 

II 

23998-73102 

7 

3010.  84 

{ 

11203-44406 

2.0 

2037. 12 

II 

22847-71920 

6 

3036. 10 

13245-46173 

A 

H 

II 

21929-70842 

n 
*t 

1.5 

2112.  09 

II 

26265-73596 

2.  5 

3093. 99 

11203-43514 

6 

2135.  98 

II 

21929-68731 

8 

3194. 10 

13245-44544 

2.0 

2138.  53 

11203-57949 

2.5 

3208.  23 

13245-44406 

6 

2165. 09 

0-46173 

5000 

3247.  54 

0-30784 

8 

2178.  94 

0-45879 

2500 

3273.  96 

0-30535 

6 

2181.  72 

0-45821 

4 

3279.  82 

13245-43726 

2.0 

2192.  26 

II 

22847-68448 

8 

3307.  95 

40909-71131 

10  d 

2199. 58 

11203-56651 

7 

3337. 84 

11203-41153 

2199.  75 

13245-58691 

3.5 

3599. 13 

43514-71291 

4 

2214.  58 

11203-56344 

3.5 

3602. 03 

43514-71268 

3.  5 

2225.  70 

0-44916 

2.  0  h 

4022. 63 

30535-55388 

8 

2227.  78 

13245-58119 

4 

4275.  11 

39019-62403 

10 

2230.  08 

11203-56030 

2.0 

4530.  78 

30784-52849 

4 

2247.  00 

II 

21929-66419 

8 

4651.  12 

40909-62403 

5 

2293.  84 

11203-54784 

40 

5105.  54 

11203-30784 

2.0 

2369.  89 

II 

26265-68448 

20 

5153.  24 

30535-49935 

6 

2441.  64 

0-40944 

100 

5218.  20 

30784-49942 

36 

2492. 15 

0-40114 

16 

5220.  07 

30784-49935 

40 

2618.  37 

11203-49383 

4  h 

5292. 52 

43514-62403 

5 

2700.  96 

II 

73353-110366 

10 

5700. 24 

13245-30784 

8 

2766.  37 

13245-49383 

40 

5782. 13 

13245-30535 

50 

2824.  37 

11203-46598 

20 

7933. 13 

30535-43137 

5 

2882.  93 

11203-45879 

40 

,8092.  63 

30784-43137 
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DYSPROSIUM 

Dy,  Z=66,  M=  162.51,  Ratio  ^=2.558 

Dy  I   Normal  state  of  valence  electrons  4/°  Qa^  ^Ig  =0.    I. P.    50000  K 
Dy  II  Normal  state  of  valence  electrons  4/^°  Qs^  ^Is^^O. 
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G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  WUey  & 
Sons,  New  York,  1939). 
Above  5500  A: 

C.  C.  Kiess,  Sci.  Papers  BS  18,  695  (1923). 
Spectrum  Assignments: 

A.  S.  King,  Astrophys.  J.  73,  221  (1930). 
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DyO,  G.  Piccardi,  Spectrochim.  Acta  1,  532  (1941). 

Relative  intensity  of  dysprosium  lines  observed  in  an  arc  of  copper  containing  0.1 

atomic  percent  of  dysprosium 

Strong  lines  of  dysprosium 


Intensity 


Wavelength 
A 


Spectrum 


Energy  levels 
K 


Term  combination 


2000 
1300 
1100 
1000 
1000 

950 
850 
650 
600 
600 

550 
500 
500 
480 
480 

460 
400 
400 
400 
400 

400 
400 
400 
400 
400 

360 
360 
360 
340 
340 

320 
300 
300 
280 


3531.  70 
4211.  72 
3968.  42 
3645.  41 
4045.  99 

4186.  78 
3944.  70 
4000.  48 
3872.  13 
4077.  98 

4194.  85 
3536.  03 
3898.  54 
3385.  03 
3407.  79 

4167.  99 
3460.  97 
3494.  49 
3523.  98 
3534.  96 

3538.  50 
3550.  22 
3576.  25 
3694.  81 
3757.  37 

3630.  25 
4218.  09 
4221.  10 
3393.  59 
3445.  58 

4103.  34 
3585.  08 
4215.  15 
3786.  21 


II 

II 
II 


II 
II 
II 
II 


II 
II 
II 
II 


II 
II 
II 
II 

II 
II 
II 
II 
II 

II 


II 
II 

11 
II 

II 


0-28307 

0-25192 
828-28252 


0-25343 
828-25818 

0-25818 
828-25343 


4756-30399 
0-29336 


0-28885 
828-29437 
4341-32710 
828-29109 

0-28252 

4756-32710 
828-27886 
828-27435 


828-30287 
0-29014 

828-25192 
0-27886 


4/i«6si  eisH— 4/"'6pi  ^'^m 


4/"'6si  eisH— 
4/"6si  'hn— 


4/io6si  *h^— 
4/i»6si  61 8H— 

4/1068'  ^TH— 


4/i«6s»  61 


4/10681 61 
4/io6si  ^Ith— 
4/i«6si  oi;,^— 
4/io6si  *h^— 


4/io6si  oig; 


H — 


4/io6si  *I6H— 
4/io6si  *hy,— 
4/>o6si  *I7M— 


4/io6si  4l7H— 
4/io6si  ^IsH-— 

4/io6si  ^l7H— 
4/io6si  01 8H— 


25192?H 
282528j^ 


25343§H 
258181)^ 
258188H 
25343§H 


30399?H 
29336iH 


28885  5h 
29437?H 
32710?)^ 

291095H 
28252|j^ 

327105H 
27886?H 
27435  5h 


302871k 
290141s 

25192?H 
27886?M 


62 


Dysprosium 


—  All  Observed  Lines 


Intensity 

Wave- 

1  f^n  ctVi 

in  A 

Spec-  Energy 
Levels 
^''''"^           in  K 

Intensity 

and 
Characte  r 

Wave- 
let! c^th 
in  A 

Spec-  Energy 

trum  „ 
in  K 

5  . 

2356.  91 

II 

9 

2800. 34 

1  6 

2381.  95 

8 

2800.  54 

3.5 

2387136 

II 

8 

2801.  40 

II 

4 

2392.  15 

6 

2810.  85 

II 

6 

2402.  29 

II 

3.  5 

2811. 10 

II 

8 

2410.  01 

II 

6 

2811. 43 

\\ 

2422.  75 

II 

4 

2815.  24 

13 

2439. 82 

II 

22 

2816.  39 

II 

5 

2455.  16 

II 

10 

2825. 44 

II 

6 

2460.  00 

II 

4 

2828.  37 

II 

5 

2471. 41 

II 

3. 5  d 

2835.  15 

2480.  92 

II 

2835. 33 

II 

9 

2490.  62 

II 

4 

2837.  00 

II 

5 

2510.  32 

II 

4 

2837.  61 

II 

9 

2513.  57 

II 

4 

2842. 05 

II 

9 

2517.  60 

II 

5 

2848.  94 

7 

2543.  83 

II 

6 

2856.  42 

jj 

5 

2545.  13 

II 

1.2 

2857.  00 

II 

8 

2552. 31 

II 

3.  0 

2857. 12 

II 

10 

2557.  94 

II 

3.  5 

2859. 73 

II 

5 

2560.  19 

II 

4 

2860.  17 

5 

2566.  25 

II 

5 

2860.  65 

12 

2585.  30 

10 

2862. 70 

I 

5 

2591.  51 

II 

6 

2866.  28 

II 

4 

2592.  54 

II 

5 

2867. 61 

II 

7 

2600. 18 

II 

2.  0 

2869. 82 

\l 

7 

2600  78 

II 

7 

2876.  41 

4 

2608.  67 

II 

14 

2877.  88 

II 

20 

2623.  70 

I 

6 

2878.  72 

II 

24 

2634.  81 

II 

6 

2881.  08 

II 

6 

2642.  16 

8 

2884. 29 

2645. 32 

II 

5 

2884.  83 

n 

6 

2668.  07 

9 

2885.  51 

II 

4 

2676.  84 

II 

5 

2890.  46 

II 

3.5 

2677.  32 

II 

9 

2890.  75 

II 

6 

2689.  29 

II 

5 

2891. 03 

\\ 

2692.  85 

II 

9 

2900. 83 

4 

2709.  02 

II 

8 

2904. 69 

II 

4 

2727.  18 

II 

14 

2906.  39 

II 

6 

2729. 51 

II 

5 

2909.  36 

II 

4 

2735.  79 

2.  5 

2909.  72 

\\ 

3  0 

2739. 33 

II 

2.  5 

2909. 89 

6 

2740*.  72 

II 

2.5 

2913. 73 

II 

16 

2755.  75 

II 

28 

2913.  96 

II 

4 

2757.  09 

II 

5 

2918.  65 

II 

5 

2766.  51 

II 

5 

2927.  08 

5 

2772.  40 

II 

5 

2930.  99 

n 

8 

2772.  60 

II 

8 

2934. 31 

3.  0 

2779.  57 

II 

18 

2934.  52 

4 

2791.  44 

II 

8 

2941.  05 
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Dysprosium 


—  All  Observed  Lines 


Intensity 

a  Ti  H 

Wave- 

in  A 

111  Xi. 

Spec-  Energy 

V  C  X  o 

trum 

111  XV 

Intensity 

cLllU 
V^IlcLX^clCtt;  T 

Wave- 

J-Cliy  Lll 

in  ±\ 

Spec- 
trunn 

Energy 
Levels 
m  IS. 

10 

2944.  56 

II 

1 

3056.  97 

II 

6 

2946.  32 

II 

-J  7.  to 

T  T 

X  J. 

7 

2946.  77 

II 

8 

3060. 00 

II 

11 

2947. 06 

II 

20 

3060. 65 

II 

11 

2947. 22 

II 

9 

3061. 37 

II 

18 

2948.  30 

II 

6 

3061. 51 

II 

12 

2950.  32 

II 

8 

3062  19 

IT 

8 

2952. 12 

II 

28 

3062.62 

II 

4 

2953.  03 

II 

16 

3066.99 

II 

10 

2953.  71 

II 

6 

3070.  44 

II 

6 

2957.  75 

II 

24 

3071. 92 

II 

6 

2962. 37 

II 

20 

3073  55 

IT 

X  X 

16 

2964.  63 

4 

3075.  19 

II 

4 

2964. 73 

II 

8 

3076.  90 

II 

3.  0 

2975. 57 

II 

10 

3078.  36 

II 

6 

2975.  82 

II 

16 

3078.  69 

II 

8 

2977.  42 

II 

11 

X  X 

3079  34 

II 

X  X 

3.5 

2979. 63 

II 

7 

3080. 92 

II 

8 

2985. 93 

II 

10 

3082. 52 

II 

2.5 

2987. 88 

II 

6 

3084.66 

II 

3.5 

2988.  71 

II 

9 

3093.  10 

II 

5 

2989.  78 

II 

7 

3093  80 

^  \J  /  ^  %  \J\J 

II 

X  X 

6 

299l! 35 

II 

9 

3095.  73 

II 

5 

2991. 61 

II 

20 

3101.91 

II 

4 

2992.  41 

II 

16 

3103. 24 

II 

3.5 

2995. 44 

II 

14 

3103.  84 

II 

A 

3002  38 

II 

13 

X  — ' 

3104  99 

II 

X  X 

8 

3003.  76 

II  0-33382 

30 

3109.75 

II 

4 

3008.  83 

II 

6 

3110.  75 

II 

10 

3015.  06 

II 

3.5 

3117. 50 

II 

16 

3015.  69 

II 

14 

3120. 17 

II 

13 

3016  97 

II 

X  X 

12 

X  1— 

3126  17 

^  X  ^  W  «    X  f 

II 

12 

3025.  61 

II 

24 

3128.  39 

II 

28 

3026.  16 

II 

60 

3135.36 

II 

6 

3027.  57 

II 

26 

3140.63 

II 

15 

3029.  83 

II 

36 

3141. 12 

II 

0-31826 

8 

3030  41 

II 

10 

X  \J 

3142  29 

II 

6 

3031.  18 

II 

7 

3143.17 

II 

7 

3033.  18 

II 

16 

3143.  81 

II 

9 

3036.  70 

II 

10 

3145.  21 

II 

44 

3038.  29 

II 

18 

3146. 15 

II 

3  5 

3042  08 

II 

9 

3147, 50 

II 

20 

3043.  15 

II 

11 

3151.  88 

II 

12 

3043.  45 

II 

9 

3152.  20 

II 

5 

3044. 56 

II 

11 

3152. 35 

II 

4 

3046.  38 

II 

9 

3153.  30 

II 

15 

3047.  60 

II 

110 

3156.  51 

II 

11 

3049.  14 

II 

6 

3157.  53 

II 

13 

3051.  46 

II 

11 

3160.  50 

II 

13 

3052.  32 

II 

10 

3161.02 

II 
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Dysprosium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

60 

31 62  Rl 

TT 
X  X 

44 

3245  16 

TT 

X  X 

g 

3164.  05 

II 

18 

3248.37 

II 

11 

3167.42 

II 

8 

3250.  99 

II 

7 

h 

31 67  77 

TT 
X  X 

110 

X  X  \J 

3251  2R 

T  T 

X  X 

7 

31  6R  10 

TT 
X  X 

15 

X  — / 

3251  90 

IT 

X  X 

g 

^  X  (JO*   /  c 

y 

18 

X  u 

3252  20 

IT 

X  X 

90 

3169.97 

II 

7 

3253. 91 

II 

3170.  73 

II 

7 

3254.  47 

II 

7 

31 70  92 

TT 
X  X 

26 

3256  26 

TT 

X  X 

6 

3171  3R 

T  T 
X  X 

7 

3257  35 

TT 

X  X 

12 

31  74  fiR 

TT 
X  X 

15 

X  J 

3260  01 

TT 

X  X 

3177.  87 

II 

13 

3260.  70 

II 

20 

3178.35 

II 

13 

3261.  22 

II 

7 

31 Rl  92 

^  X  OX •  7^ 

TT 
X  X 

15 

X  -J 

3266  00 

TT 

X  X 

6 

^  X             X  / 

TT 
X  X 

18 

X  \J 

3266  21 

TT 

X  X 

7 

J  X  O'T,  X  / 

TT 
X  X 

22 

3269  12 

TT 

X  X 

X  o 

3184.  77 

II 

828-32218 

7 

3272. 08 

II 

"50 

3186.37 

II 

18 

3272. 74 

II 

22 

31 R7  67 

TT 
X  X 

11 

X  X 

3275  R9 

T  T 

X  X 

6 

31  RR  66 

J 1.  OO.  ou 

TT 
X  X 

9 

3279  49 

^  ^  r  7«  *T  7 

T  T 

X  X 

31 92  9R 

TT 
X  X 

14 

X  *T 

3279  67 

TT 

X  X 

30 

3193.31 

II 

0-31307 

80 

3280.  08 

II 

828-31307 

X  ^ 

3205.46 

II 

7 

3281.  63 

II 

22 

3206  39 

TT 
X  X 

44 

3282  79 

TT 

X  X 

7 

3206  62 

TT 
X  X 

9 

32R2  R9 

J  Cm  \JC%    O  7 

TT 

X  X 

20 

3207  1 0 

TT 
X  X 

7 

TT 

X  X 

26 

3208.  81 

II 

8 

3286.  58 

II 

12 

X  ^ 

3212.  03 

II 

18 

3287. 97 

II 

7 

3212  43 

TT 

X.  X 

12 

X  ^ 

3288  65 

IT 

X  X 

7 

321  2  67 

TT 

J.  ± 

9 

3291  12 

/X  •  X  c 

IT 

X  X 

17 

X  f 

3214  63 

TT 

X  X 

18 

X  \j 

3293  83 

IT 

X  X 

42 

3215.19 

II 

18 

3296.  31 

II 

75 

3216.  62 

II 

12 

3297.  62 

II 

7 

3217  36 

TT 

X  X 

7 

3300  90 

TI 

X  X 

14 

3220  45 

TT 

X  X 

18 

X  \J 

3305  40 

IT 

X  X 

22 

3221  50 

TT 

X  X 

18 

X  w 

3305  51 

IT 

X  X 

15 

X  -J 

3221.  62 

II 

22 

3306.19 

II 

26 

3223.  29 

II 

40 

3308.79 

II 

22 

3225  OR 

J  CC  ^.  LfO 

TT 

X  X 

aOB  —  '^l  ROA 

100 

X  w  U 

330R  RR 

I T 

X  X 

30 

3225  9R 

TT 

X  X 

9 

331 0  97 

IT 

X  X 

7 

T  T 

X  X 

46 

331 2  72 

1 1 

X  X 

1  3 

X  ^ 

3226.  38 

II 

11 

3313.30 

II 

X  ^ 

3228.  97 

II 

70 

3316.34 

II 

15 

3229  36 

TT 
X  X 

22 

331 7  11 

J?>X  /  .  XX 

T  T 

X  X 

10 

3229  95 

TT 
X  X 

9 

331 R  1 5 

J  y  1.  O.  X  ^ 

TT 

X  X 

13 

3232  64 

JC.JC  OH 

T  T 
X  X 

90 

331 9  RR 

JJl.  /.  OO 

TT 

X  X 

0  —  3011  3 

U       J  UXX  J/ 

44 

3235.  89 

II 

24 

3326.18 

II 

26 

3236  64 

TT 

X  X 

8  d 

3326  43 

II 

13 

3240.  88 

II 

12 

3327. 08 

II 

9 

h 

3243.  78 

II 

7 

3327.30 

II 
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Dysprosium 


—  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
tru.in 

Energy 
Levels 
in  K 

8 

3328.  79 

II 

24 

3405.  65 

II 

9 

3331.  23 

II 

10 

h 

3406. 81 

II 

12 

3334.  14 

34 

34U  /,  16 

6 

3334.  44 

l\ 

480 

3407.  79 

Yi 

0-29336 

17 

3339. 50 

IJ 

38 

3408.  14 

II 

^  70 

3341.  00 

II 

9 

3409.44 

II 

12 

3341.  42 

II 

13 

3410.  72 

II 

24 

3341.  87 

4341  —  34256 

lu 

1  AT  1      O  T 

3411.  21 

18 

3347.  81 

l\ 

10 

3411.51 

24 

3352.  70 

II 

120 

3413.  78 

II 

828-30113 

46 

3353.  59 

II 

48 

3414.  83 

II 

4341-33617 

11 

3355. 07 

II 

11 

3415.  68 

II 

17 

3356.  22 

1  Al  1     T  C 

341  /.  lb 

12 

3358.  26 

\\ 

24 

3418. 13 

n 

17 

3358.  61 

II 

70 

3419. 63 

II 

22 

3359. 48 

II 

8 

3420.  81 

II 

8 

3360.  64 

II 

14 

3421.  32 

II 

12 

3365.  8U 

12 

46 

3368.  10 

11 

24 

3^22.  86 

n 

14 

3370.  86 

II 

10 

3423.  25 

II 

14 

3371.  69 

II 

8 

h 

3423.  82 

II 

14 

3371. 81 

n 

48 

3425.  06 

II 

12 

O  O  "7  1     *7  C 

3372. 75 

Q 
O 

8 

3374.  28 

10 

h 

3429.  01 

II 

16 

3375.  75 

II 

38 

3429.  45 

II 

8 

3376.  01 

II 

24 

3431.  79 

II 

16 

3376.  36 

n 

20 

3432.  57 

II 

12 

3376.  62 

"J /1 1  o  oz, 

JHJd, Ob 

14 

3377.11 

11 

170 

3434.  37 

n 

0-29109 

8 

3378.  20 

II 

8 

3435.27 

II 

16 

3378. 42 

II 

12 

3435.  92 

II 

9 

3378.  88 

II 

12 

3436.  07 

II 

8 

3381. 56 

o 
o 

9  h 

3384.  10 

\\ 

30 

3438.  96 

n 

480 

3385.  03 

II 

12 

3439.  32 

II 

19 

3386.  59 

II 

8 

3440.  45 

II 

55 

3388.  87 

II 

4756-34256 

50 

3440. 94 

II 

9 

3389.  44 

120 

1  A  AC 

3441.  45 

0^0  —  ^7  /  07 

13  d 

3391. 14 

l\ 

10 

h 

3442.  52 

II 

19 

3391. 98 

II 

8 

3443.  46 

II 

8 

3393. 39 

II 

12 

3444.  26 

II 

340 

3393. 59 

II 

828-30287 

340 

3445. 58 

II 

0-29014 

13 

3394. 00 

lb 

1  /I  /I  -7  nn 
PH'i  1 .  UU 

120 

3396.  17 

\\ 

0-29437 

15 

3447.  27 

n 

8 

3398.  35 

II 

15 

3447.  78 

II 

8 

3399.  34 

II 

40 

3449. 90 

II 

10 

3402. 00 

10 

3450. 22 

\\ 

13 

3403.  27 

{{ 

240 

3454.  35 

10 

3403.  45 

40 

3454. 52 

19 

3404.  98 

120 

3456.  57 
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Dysprosium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 

trum 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

10 

3458.  99 

II 

17 

3521.  13 

II 

20 

3460.  40 

II 

8 

3522. 28 

II 

iU 

J  J 

CO 

jDCC,  00 

T  T 
I  X 

400 

3460.  97 

II  0-28885 

400 

3523.  98 

II 

4341-32710 

8 

3461.29 

II 

15 

3524.  61 

II 

4341-32705 

17 

3463.36 

II 

8 

3524.92 

II 

18 

3463. 88 

II  4756-33617 

24 

3525.  75 

II 

Q 
O 

JHO  /.  OD 

T  T 
1 1 

■^^9A  AT 
j\jc.Ot  OX 

T  T 
X  X 

65 

3468.  44 

II 

17 

3526.  92 

II 

8 

3468.  78 

II 

5 

3528.  93 

II 

12 

3470.18 

II 

18 

3529.  02 

II 

50 

3471.14 

II 

2000 

3531.70 

II 

0-28307 

Du  a 

■2/171  C'J 
jH  1  X., 

T  T 
1  X 

13 

'K^'KH  ZlA 

TT 
X  X 

3471. 61 

II 

400 

3534.  96 

II 

828-29109 

34 

3473.  70 

II 

500 

3536.  03 

II 

20 

3474.30 

II 

26 

3536.  56 

II 

120 

3477.  06 

II 

26 

3537.  69 

II 

p 

o 

jH  1  1  m 

T  T 
X  1 

*T  U  U 

TT 
X  X 

n  — 9«9t;p 

8 

3478.47 

II 

36 

3539.  36 

II 

8 

3480.  42 

II 

10 

3539.  62 

II 

20 

3480.  83 

II 

14 

3540.  67 

II 

10 

3482. 09 

II 

150 

3542.  32 

II 

or\ 

-inQA  U~I 

jHQH,  0  I 

T  T 
1 1 

p 
0 

"K^HO  87 
jjHc.,  0  / 

T  T 
X  X 

17 

3485.  90 

II 

36 

3544.23 

II 

12 

3487.21 

II 

36 

3544.36 

II 

15 

3487.59 

II 

130 

3546.  84 

II 

828-29014 

10 

3488.97 

II 

10 

3547.  53 

II 

1  0 

Lc. 

^H7U.  0^ 

T  T 

J.  I 

Q 
0 

20 

3494.14 

II 

30 

3548.19 

II 

400 

3494. 49 

II  828-29437 

13 

3548.  72 

II 

50 

3496.33 

II 

12 

3549.  26 

II 

8 

3497.12 

II 

400 

3550.  22 

II 

T  T 
1 1 

Y~j 

X  C 

T  T 
X  X 

75 

3498.  67 

II 

200 

3551.  59 

II 

20 

3498.94 

II 

8 

3553.  19 

II 

13  d 

3499.  82 

II 

12 

3555. 96 

II 

3499.  92 

II 

10 

3557.  62 

II 

JO 

T  T 
1 1 

jDjOt  Ci. 

T  T 
X  X 

20 

3501. 86 

II 

40 

3559.  27 

II 

20 

3502. 09 

II 

26 

3560.13 

II 

24 

3503.  18 

II 

200 

3563.  14 

II 

828-28885 

75 

3504.  52 

II 

50 

3563.69 

II 

T  T 
1  1 

5n 

C.\J 

T  T 
X  X 

24 

3505.  84 

II 

8 

3565.65 

II 

120 

3506.  81 

II  828-29336 

18 

3569.  67 

II 

26 

3511.  69 

II 

9 

3571.  34 

I 

26 

3512.56 

II 

8 

3571. 68 

II 

26 

3512.  70 

II 

70 

3573. 83 

II 

50 

3517.  27 

II 

130 

3574. 18 

II 

10 

3519.76 

II 

10 

3576.  01 

II 
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Dysprosium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
^  ^  Levels 
trum 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
tru.m 

Energy 
Levels 
in  K 

400 

3576.  25 

II  4756-32710 

14 

3619. 47 

II 

8 

3576.  60 

18 

3619.96 

II 

150 

3576.  89 

II        4756  —  32705 

50 

3620.  18 

II 

75 

3577,  98 

9 

3620.  56 

II 

14 

3579. 12 

II 

42 

3624.  25 

II 

,  8 

3579. 42 

II 

100 

3629.  43 

II 

40 

3580. 03 

II 

360 

3630.  25 

II 

17 

3582. 01 

\\ 

20 

3630. 47 

II 

36 

3584.  43 

10 

3630. 64 

II 

300 

3585.  08 

II  0-27886 

40 

3632. 79 

II 

130 

3585.  77 

II 

20 

3633. 03 

II 

50 

3586.  11 

II  4341-32218 

10 

3633.  77 

II 

32 

o  r~  A  A     A  P 

3590.  05 

\l 

8 

3634.  15 

II 

26 

3590.  67 

10 

3634.  32 

II 

100 

3591.  43 

II 

36 

3635.  26 

II 

50 

3591. 81 

II 

16 

3636.  22 

II 

50 

3592.  12 

II 

32 

3637.  27 

II 

4341-31826 

9 

3593.  15 

O  A 

20 

2>bli^.  86 

II 

20 

3594. 57 

100 

3640.  24 

II 

4756-32218 

160 

3595.  05 

II 

8 

3640.  80 

II 

14 

3595.  30 

II 

36 

3643.  89 

II 

0-27435 

36 

3596.  06 

II 

1000 

3645. 41 

II 

828-28252 

9 

3596.  49 

32 

3645. 86 

II 

20 

3597.  29 

^\ 

16 

3646.  60 

II 

10 

3597.  95 

II 

14 

3646.  85 

I 

10 

3598.  27 

II 

16 

3648.  40 

II 

10 

3599.  06 

II 

90 

3648.  79 

II 

9 

o  r~  A  A     A  r\ 

3599.  48 

\l 

10 

3654.  17 

II 

16 

3600.  34 

12 

3654. 87 

II 

50 

3600.  39 

II 

10 

3655.  60 

II 

32 

3602.  82 

II 

14 

3661. 75 

II 

13 

3603. 15 

II 

60 

3664. 61 

II 

8 

3604. 36 

16 

3665.  20 

II 

160 

3606.  13 

\\ 

34 

3666. 85 

I 

9 

3606.  35 

II 

13 

3668.  90 

II 

12 

3606.  90 

II 

13 

3671.  69 

II 

10 

3609.  25 

II 

85 

3672.  31 

II 

4756-31979 

10 

3611. 15 

jj 

36 

3672. 66 

II 

26 

3612.  77 

34 

3673.  15 

II 

0-27217 

20 

3613. 06 

II 

120 

3674.  09 

II 

26 

3614.  08 

II 

20 

3674.  45 

II 

9 

3614.  70 

10 

3676.  00 

II 

9 

3614.  94 

190 

3676.  56 

T  T 

II 

12 

3616.  06 

Ij 

55 

3678.  48 

I 

10 

3616.  35 

II 

70 

3684.  83 

I 

12 

3617.  24 

II  4341-31979 

110 

3685. 81 

I 

10 

3617.  65 

10 

3688.  36 

II 

9 

3617  74 

14 

3693. 84 

I 

26 

3618.  08 

12 

3694!  41 

II 

40 

3618.  45 

400 

3694.  81 

II 

828  -27886 

68 


Dysprosium  —  All  Observed  Lines 


Intensity 

Wave- 

in  A 

Energy 
Spec-         T  f 

Levels 
trum            .  yj. 

in  K, 

Intensity 

and 
Character 

Wave- 

X       ±X  JL 

in  A 

Spec- 
trum 

Energy 
Le  ve 1 s 
in  K 

12 

3696. 94 

T  T 

II 

Ij 

i  I  OJ.  7b 

T 
1 

32 

3697.  31 

II 

28 

3785. 42 

II 

85 

3698.  18 

II 

280 

3786.  21 

II 

20 

3700. 59 

II 

10 

J  1  ob. 

T 
I 

46 

3701.  62 

II 

11 

•2-7Q"7  OA 
i  lo  1 .  CO 

T  T 
11 

28 

3707.  42 

II        4341  —  31307 

141) 

-2-700  /IZ, 
^  /  00.  4b 

T  T 
1  1 

QOC     0701  7 
0^0  —  C  1  Ci.  1 

38 

3707.  57 

II 

60 

3791.  86 

II 

38 

3708.  20 

II 

10 

3801. 93 

II 

10 

3708.  36 

II 

^oU4. 14 

T  T 
11 

36 

3710.  08 

T  T 

II 

iu 

oon/l  'J'i 
^oU4. 

T  T 
11 

10 

3710. 73 

II 

bU 

oQn^.  oz, 
^oUb. CO 

T  T 
11 

28 

3711.  65 

II 

9 

3807.  90 

14 

3713.  84 

II 

24 

3809. 05 

II 

9  - 

3715.  27 

T  T 

II 

io 

^OU7.  o4 

8 

3715.  54 

II 

lb 

14 

3716.  93 

II 

A  n 

1  Qi  0  m 

JOiC,  JV 

T 
1 

8 

3717.  29 

I 

14 

3813. 13 

7 

3718.10 

II 

40 

3813.67 

II 

140 

3724.  42 

II         4341  —  311o3 

1Q1  ^.  01 
^dlb.  /ll 

8 

3725.  90 

T 

I 

1  on 

jolb.  / 0 

T  T 
1  I 

26 

3727. 99 

T 

I 

ib 

^01  /.  H7 

10 

3730. 60 

II 

10 

3818.  74 

80 

3739. 33 

I 

10 

3819.  44 

9 

3739.  81 

T  T 

II 

o 

^0^:1.  47 

100 

3747.  82 

T  T 

II 

Q 

7 

-2P01  oc; 

^dtl.  oD 

11 

3750.  33 

II 

T  T 
X  X 

14 

3751.  80 

II 

8 

3824.  00 

120 

3753.  50 

II  0-26634 

60 

3825.  65 

II 

120 

3753.  76 

T  T 

II 

lb 

■^QOQ  7c; 

8 

3754.  77 

II 

o 
o 

ion  ni 

100 

3757.  05 

I 

1  Q 

lo 

po^l, b4 

T  T 
1 1 

400 

3757.  37 

II  828-27435 

13 

3832.  91 

8 

3758.  97 

II 

200 

3836.  50 

II 

4341-30399 

55 

3767.  63 

I 

1  A 

14 

0  01 Q  A7 

T  T 
1 1 

28 

3771. 08 

I 

id. 

1  Q/i  n  Qi 
^o4U.  7I 

T 
1 

8 

3771. 38 

I 

1  Q/I  1  10 

io41.  jc 

T  T 
1  1 

14 

3772.  65 

I 

28 

3842. 02 

I 

55 

3773.  05 

I 

28 

3844.  30 

I 

20 

3773. 31 

II 

36 

^o4b. 

T  T 
11 

6 

3773. 74 

I 

36 

^o4b.  77 

T 
1 

32 

3774.  75 

I 

o  o 

1  Q/l  Q  ID 
io47.  JO 

T  T 
1  1 

8 

3776. 93 

II 

100 

3853.  03 

II 

4341-30287 

19 

3777.  45 

I 

36 

3858.41 

I 

8 

3779. 09 

II 

lo 

^obb, 43 

T  T 
11 

13 

3779, 23 

II 

3^ 

^obb.  37 

T  T 
1  1 

8 

3780.  33 

I 

o 
o 

1  0^.7    Q  /I 

job  /.  o4 

T  T 
11 

8 

3780.  93 

I 

48 

3868.  46 

II 

36 

'3  "7  on  AO 

3  /oi.  4o 

T 
1 

1Q^>0  B1 
jooo.  ox 

16 

3782.  88 

II 

26 

3869.43 

II 

13 

3783. 59 

II 

70 

3869. 87 

II 

4341-30175 

609065  O  -  62  -6 


69 


Dysprosium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

18 

3871. 64 

II 

44 

3950  40 

II 

X  X 

600 

3872.*  13 

II 

0-25818 

7 

3953.  13 

II 

100 

3874. 00 

II 

828-26634 

34 

3954.56 

II 

7 

3875. 15 

II 

7 

3956  24 

I 

X 

40 

3879! 10 

II 

4341-30113 

65 

3957  79 

II 

X  X 

3882  00 

II 

7 

3959. 35 

II 

"  9 

3887. 55 

I 

30 

3962.  58 

I 

16 

3888.  45 

II 

9 

3963.16 

16 

3889  01 

II 

7 

3963  80 

f  \J  ^  ^  \J\J 

II 

24 

3891. 85 

II 

g 

39bb.  39 

I 

24 

3892. 87 

I 

26 

3967.  50 

I 

7 

3894!  51 

I 

1100 

3968!  42 

II 

0-25192 

14 

3895. 34 

II 

13 

3971.  15 

I 

500 

^  \J\J 

3898.  54 

II 

4756-30399 

7 

3972  39 

I 

X 

22 

3899! 15 

I 

13 

3973  87 

I 

X 

KJ 

3901  35 

I 

220 

3978  57 

II 

X  X 

7 

3903.  30 

I 

22 

3979.47 

II 

4756-29878 

13 

3904.  21 

II 

9 

3981.  37 

I 

g 

3905  56 

II 

110 

X  X  u 

3981  92 

II 

X  X 

g 

3905  95 

I 

130 

3983  67 

II 

4341-29437 

10 

3912  52 

I 

65 

3984  24 

II 

X  X 

7 

3912.  86 

II 

7 

3984. 70 

II 

11 

3913.  62 

I 

7 

3987.  04 

II 

X^ 

3913  98 

II 

X  X 

10 

3988  90 

I 

44 

3914  86 

II 

X  X 

4341-29878 

6 

3990  34 

II 

44 

3915  58 

II 

4756-30287 

44 

3991  33 

II 

44  d 

3917.  30 

I 

14 

3993.  60 

I 

3917.  37 

I 

7 

3994. 53 

I 

g 

3918  53 

II 

X  X 

7 

3996.  01 

I 

3919  13 

I 

130 

X  .X  u 

3996!  70 

II 

4756-29769 

26 

3923  39 

II 

g 

3998  08 

II 

9 

3924.46 

II 

650 

4000.  48 

II 

828-25818 

34 

3927. 88 

I 

34 

4005.  86 

I 

3929  32 

II 

26 

4006. 09 

I 

44 

3930  15 

I 

8 

4007. 75 

II 

X  -J 

3931  28 

II 

X  X 

10 

4010  08 

II 

170 

3931.  55 

II 

4341-29769 

44 

4011. 32 

II 

9 

3932. 05 

II 

44 

4013.  80 

I 

26 

3932  22 

II 

X  X 

44 

4014.  72 

II 

30 

3932  97 

II 

X  X 

4756-30175 

17 

4015.  18 

II 

26 

3934  17 

II 

X  X 

13 

4020  88 

II 

13 

3936.  03 

II 

30 

4023. 70 

I 

7 

3936.  30 

II 

20 

4024.  45 

II 

34 

3936  71 

I 

X 

20 

4024.  87 

I 

X  X 

3937  16 

I 

X 

34 

4027.  79 

II 

22 

3938  00 

TT 

X  X 

42  d 

4028.  32 

II 

17 

3938.  15 

I 

4028!  42 

I 

44 

3942.  52 

II 

4756-30113 

7 

4031. 08 

I 

850 

3944.70 

II 

0-25343 

42 

4032. 44 

II 

34 

3946.  92 

II 

13 

4032. 84 

I 

70 


Dysprosium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
tr  u.m 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

34 

4033.  67 

II 

20 

4134. 14 

J 

34 

4036.  34 

II 

4341-29109 

8 

4134.  73 

I 

20 

4038.  51 

II 

12 

4138.  54 

\ 

15 

4038-  84 

10 

4139. 56 

26 

4041. 98 

II 

38 

4141. 51 

II 

1000 

4045. 99 

T 

100 

4143. 10 

II 

4756-28885 

7 

4047.  73 

I 

80 

4146.  07 

7 

4048.35 

II 

6 

4147.  95 

20 

4048  90 

12  h 

4152. 43 

II 

11 

4049.  35 

T 

8 

4153. 11 

130 

4050.  58 

II 

4756-29437 

6 

4154.  23 

J 

20 

4053.  86 

10 

4159.34 

I 

42 

4055.15 

II 

6 

4160.  24 

\ 

10 

4057. 40 

II 

6 

4162. 25 

7 

4060.  58 

II 

460 

4167.  99 

J 

8 

4072.  65 

II 

6 

4169.  24 

II 

200 

4073.  15 

II 

4341-28885 

6 

4170.  55 

10 

4074.  02 

II 

30 

4171.  93 

J 

600 

4077.  98 

II 

828-25343 

4171.  99 

J 

6 

4079.  27 

11  d 

4176.  64 

J 

4176.  81 

J 

7 

4083. 10 

J 

15 

4085.14 

I 

4 

4181.25 

I 

30 

4085.  36 

20 

4183.  61 

\ 

15 

4087. 22 

II 

75 

4183.  73 

7 

4087-  38 

950 

4186.  78 

J 

7 

4089.  49 

J 

26 

4190.  90 

15 

4091.53 

II 

180 

4191.  60 

I 

10 

4091. 77 

II 

550 

4194.  85 

\ 

7 

4093  66 

26 

4195. 22 

32 

4096. 12 

T 

65 

4198.  02 

J 

8 

4096-  69 

T 

55 

4201.  32 

J 

8 

4099.  87 

I 

55 

4202. 25 

I 

6 

4101.  94 

II 

19 

4205.  03 

320 

4103.  34 

II 

828-25192 

30 

4206.  54 

II 

0-23766 

70 

4103  88 

11 

4207.  68 

16 

4105.  05 

II 

4756-29109 

36 

4211. 23 

J 

6 

4106.38 

II 

1300 

4211. 72 

I 

120 

4111. 34 

II 

0-24316 

150 

4213. 18 

J 

10 

4113.  05 

7 

4214.  38 

16 

4119.  33 

II 

300 

4215. 15 

J 

40 

4124.  65 

II 

360 

4218.  09 

J 

12 

4126.12 

360 

4221.10 

I 

32 

4128.  29 

II 

6 

4222. 01 

28 

4129. 13 

44 

4222. 22 

80 

4129. 44 

II 

6 

4224.  68 

J 

28 

4130.  42 

J 

220 

4225. 14 

J 

10 

4131. 04 

II 

55 

4232. 03 

{ 

6 

4132.  85 

II 

6 

4234. 83 

14 

4133.38 

II 

55 

4239.  85 

32 

4133.  86 

6 

4243.  43 

71 


Dysprosium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
in  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

JO 

AO &^  00 

_ 

c 

A^f^l  07 

T 
X 

4247.  36 

II 

5 

4573. 85 

II 

u 

4248.  44 

II 

34 

4577.  80 

I 

36 

AOtiC.  I.'Z 
HC.OO,  ^t) 

T  T 

QOO_OA11  A 

A 
\j 

T  JO  /  .  7  J/ 

TT 
X  X 

7 

1  70 
X  r  U 

4R89  '?7 

T 
X 

o 

Aoul  on 

_ 

5 

a(;qi  7R 

t J  7i.   1  O 

T  T 
X  X 

O 

4268.29 

I 

80 

4612.28 

I 

4276.74 

I 

4 

4613.  83 

I 

7 

4^1  17,  lb 

A 
H 

AAl  A  R"^ 

HDX't.  OJ7 

T 
X 

10 

/lOQl  Q/1 

C 
J 

AAl  7 

T  T 
X  X 

u 

AOQA  QA 

T  T 

X  Jl 

XX 

AAOn  D"^ 

40^U. 

TT 
X  X 

R0R_00AA7 

4295.  04 

4 

4662.  76 

I 

o 

4298.90 

9 

4664.  68 

II 

4341-25773 

6 

/lino  70 

7 

TT 
X  X 

85 

/lino  ^.7 

■^■^ 

n  —  O'^on'^ 

A(^9,o  r\o 

T  T 
X  X 

c 

z> 

/I  n  1  Qn 

AARQ  77 

TOO/.   /  / 

T  T 
X  X 

0 

4322. 55 

II 

10 

4698.  71 

II 

XX 

4325.14 

9 

4721. 23 

I 

26 

/I  lO  t;  QQ 

7 

A707   1  A 

H  1  L.  1  m  XT 

TT 
X  X 

8 

/1 10  A    1 Q 

I 

1  R 
X  o 

H  1  P±t  O-/ 

TT 
X  X 

1  n 

X  u 

A'i.OQ  Qn 

^_ 

A'^AI  — 97d'^R 

4  jPHX      ^  /  HJJ 

4 

4745  79 

II 

X  J/ 

4339.  68 

II 

6 

4755.  01 

II 

5 

4346.  33 

II 

5 

4760.  02 

II 

4341-25343 

13 

A 

4771  94 

I 

J. 

16 

/I  -J  CO    4  A 
HjDO,  HO 

QOR  — 0'^7AA 

0<CO  —  ^  J  /  DO 

4774  80 

T 

X, 

c; 
_j 

mOL.  J7 

X^  XI 

4775  80 

T 

D 

o 

4364.22 

II 

8 

4786.  94 

II 

X  J7 

4366.  73 

I 

10 

4791. 30 

I 

26 

/H7Z1  OA 

3  0 

4800  68 

I 

26 

All  A  on 

4^  / 4.  oU 

4807  95 

I 

X 

X  u 

A 

4810  23 

I 

X 

ZJ 

4384.30 

II 

5 

4812.  79 

I 

L, 

o 

4389.  78 

I 

8 

4819. 05 

I 

11 

/I  IQ/l  QQ 
4^74.  70 

q 

48?4  99 

I 

X 

44 

A  A  no  1Q 

44U7.  S)0 

I 

Q 

o 

4828  91 

I 

X 

c 

A AOC  Q7 

i; 

4829  69 

II 

X  X 

c 
J 

4431. 00 

II 

7 

4832.  41 

I 

4444.  61 

I 

3.5 

4833.  78 

II 

60 

A  A  AO  71 
4447.  /i 

U  —  <L^4D  / 

Q 
O 

4841  78 

9 

4433.  D7 

II 

4856  24 

II 

X  X 

on 

A  A  LQ  17 

QOQ  olom 

A 
H 

ARAR  05 

TT 

X  X 

c 

4484.  37 

I 

4 

4875.  92 

I 

c 

4503.  26 

II 

9 

4880.  16 

I 

5 

4516.  74 

I 

t 

4R84  53 

TOOT,  ^ 

T 

X 

4blo.  DP 

II 

xu 

4888  08 

I 

X 

8 

d 

ACO~I  £.1 

A 

4889  32 

II 

X  X 

4527.76 

II 

8 

4890.  11 

II 

8 

*T    T  X  .  /  u 

5 

4893.  69 

I 

5 

4555.24 

3.0 

4899.  25 

I 

11 

4565.  11 

7 

4916.  42 

I 

72 


Dysprosium  —  All  Observed  Lines 


Intensity 
3.ncl 

Wave- 

1  PTl  0'1"Vl 

in  A 

Spec- 
trum 

Energy 
T     vpl  ^ 
in  K 

Intensity 

and 
Character 

Wave- 

in  A 
i.11  ./i. 

Spec- 
trum 

Energy 

T   ^  T  r  A  1  e 
in  \C 

m  x\. 

6 

4922. 21 

II 

5 

r"  ft  ft  ^  ftft 

5297.  83 

II 

8 

4923.15 

II 

2.  0 

5301.59 

I 

60 

4957.36 

II 

0-20166 

5 

5309.  02 

II 

3.  0 

4959.  60 

I 

6 

r*  ft  ft  ^     ^  ft 

5324.  70 

II 

3.5 

4973. 58 

I 

3.0 

5337.  43 

II 

5 

4985.  53 

8 

r*  ft  yi  ft     ft  T 

5340,  31 

I 

6 

5003.  86 

{ 

4 

5352.13 

I 

7 

5004.  26 

II 

4 

5368,20 

II 

3.  0 

5010.  59 

I 

2.0 

n  ft  /  ft    ft  / 

5369.  26 

II 

3.  0 

5017.  99 

II 

2.5 

5385. 65 

II 

9 

5022, 12 

11 

r*  ft  ft  ft      r-  ft 

5389,  58 

II 

4 

5023. 99 

J 

5 

5395. 58 

I 

3.0 

5024.  51 

I 

2.  5 

n 

5398,26 

5 

5027.  85 

I 

3.0 

r-  o  ft  ft      ft  il 

5399.  94 

II 

/Iftill  ftftftf^ 

4341-22855 

6 

5032. 98 

I 

6 

r*  ii  ft  /I     "1  / 

5404. 16 

I 

20 

5042. 62 

10 

5419. 13 

I 

3.  0 

5047.  25 

\ 

2.  0 

5420.75 

I 

6  h 

5050.  17 

I 

ft 

9 

5423.31 

I 

2.  0 

5053. 22 

II 

4 

H  yi  ft  yi     ft  >i 

5424. 24 

I 

4 

5053. 29 

5 

r"  yi  ft  /     T  T 

5426.  71 

II 

3.  0 

5055.  42 

4 

5443.  35 

II 

12 

5070.  65 

{ 

12 

5451. 09 

I 

15 

5077.  65 

I 

4 

5455.45 

II 

10 

r  ft  ft  ft     ^  ft 

5090.  38 

II 

3 

5469. 11 

II 

10 

5110.  31 

I 

2.0 

5471. 90 

II 

16  h 

5120.  01 

3.  5 

5496.  84 

I 

4 

5135. 01 

J 

3.  0 

5502. 80 

I 

24 

5139.  60 

II 

ft  C 

3.  5 

5506.  52 

I 

5 

5161. 00 

II 

3.  0 

5515.  40 

II 

jiftiin        ftftji  /  ^ 

4341-22467 

5 

5164. 14 

II 

4 

^  I"  ft  ft  ftft 

5528.  03 

I 

6 

5165.  37 

1.  6 

5542. 19 

I 

14 

5169.  67 

II 

828-20166 

o 
O 

5547.  28 

I 

2.5 

5172.  81 

II 

2.  0 

5562.50 

I 

10 

5185. 14 

1 

5 

d 

r*  /  ft  ft  — 7  ^ 

5600.  71 

II 

5 

r  1  ft  ft     /I  ft 

5188.  48 

II 

3 

5605. 64 

I 

36 

^  ^    ftA  ftft 

5192.  89 

II 

4 

5613.  24 

I 

12 

5197.  66 

II 

2.  5 

5627.  49 

I 

4 

5205.  69 

13 

5639.53 

I 

6 

r  ft  yi  /  ftft 

5246.  93 

II 

2.0 

5641. 52 

II 

2,  0 

^  ft  jt  ft     n  ft 

5248. 12 

II 

7 

h 

r  /  yi  /  ftft 

5646.  02 

I 

2.  0 

r*  ft  ^  ft     o  ft 

5258.  39 

II 

10 

^  /  n  ft    ft  T 

5652.  01 

I 

9 

5259.  91 

1.  4 

5666.  42 

I 

16 

5260.  57 

I 

1  ft 

1.  8 

5671. 25 

I 

7  bl 

5263. 3 

DyO 
I 

1.8 

r-  /  T  — T  /ft 

5677.  69 

I 

8 

5267. 13 

T~  /  r\  v     /  ft 

5685.  60 

I 

6 

5272. 25 

II 

3.5 

h 

5693. 67 

II 

6 

5275.31 

II 

3.0 

h 

5694. 10 

6 

5279.  71 

T  T 

II 

3.5 

cw 

5d74.  54 

11 

7 

5282.  07 

3.5 

5698.  75 

II 

3.5 

5284.  99 

II 

3.0 

5702. 92 

I 

73 


Dysprosium  —  All  Observed  Lines 


Intensity 
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Wave- 
length 
in  A 

Soec-  Energy 
^  Levels 
trum 

m  K 

Intensity 

and 
Charactei 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
trum  „ 
m  K. 

i.  ^ 

D  /UD.  73 

T  T 
1  1 

1.  0 

£^A  oz. 

b4bU.  ob 

Q 

V 

n 

5718.48 

1.2 

6468.  60 

II 

J,  -> 

ii 

5725.  84 

II 

1.4 

6474.  94 

7 

h 

C70D  LA 
D  1  do,  OH 

T  T 
11 

C,  3 

b4o3.  be 

T  T 
11 

3.0 

h 

D  /  j>o,  1 3 

T  T 
11 

^.  b 

LAQC  UA 

b4ob.  b4 

D 

til  A  n  1  Q 

1  n 
1.  U 

/  C /I  D    o  o 

bb4o.  2o 

T  T 
11 

-T 
/ 

5745.  54 

2.5 

6558.  02 

5750.  50 

I 

20 

6579. 38 

3.0 

3  /  DO,  Od. 

1.  O 

UCOA    1 U 

bb74.  lb 

T  T 
11 

10 

h 

ooid,  Ui 

T  T 
11 

u.  o 

n 

bbll,  lb 

1 

n 

T  T 
11 

U.  7 

bb37.  <cb 

r 

n 

5834.  86 

2.0 

6643.41 

3.  b 

n 

5844. 41 

II 

1.0 

6654.  27 

II 

3.0 

con  c  ^.c; 
OoHO,  OD 

T  T 
11 

3,  U 

uucQ  /in 
bbbo.  4U 

5 

h 

r  Q/l  Q  nc 

T  T 
11 

A 

bbbl.  b7 

r 

OODO,  DO 

T  T 
1  1 

1  n 
lU 

uuu~i  on 
bbb  /.  7U 

/ 

u 

n 

5868.10 

II 

1.2 

6670.  21 

c 
0 

5915.17 

II 

1.4 

6700.  66 

II 

2.5 

CQO/l  C/l 
37^4. D4 

T  T 
11 

1.  u 

n 

b  /13.  lo 

9 

CO /I  C  Ql 

U.  o 

n 

bICH,  /7 

O 

1 

CQ/L/l  cn 

bVb'l.  dU 

n  Q 
U.  o 

n 

b  1 3b,  1  / 

Id 

5974.  50 

J 

0.9 

h 

II 

3.  U 

5984.86 

I 

4 

hlM,  98 

1.2 

3703.  77 

1.  u 

n 

b  / bU.  <c7 

18 

CQDQ  CI 
D700.  3  / 

U~IC~1  uo 

bio  1 ,  by 

1  Q 

i.  y 

oUUU.  oo 

b 

b  1  bb.  7b 

i.  o 

6003.  26 

0.8 

6787. 43 

J 

3,  U 

n 

6005.  75 

II 

1.0 

6790.  38 

3.0 

h 

bUUo.  34 

T  T 
11 

1. 1 

b  /  74, 

3.0 

h 

dUUd,  7  / 

1. 1 

n 

AQiT^  on 
bou^. 

T  T 
1  1 

/I  n 

oUUo.  7^: 

1. 1 

boU3,  04 

o 
c> 

6010.  80 

1.2 

6807.  36 

II 

3.  0 

6017.27 

I 

1.6 

6818.  24 

3.0 

oU^i. UU 

1.  £■ 

bo^  /,  ib 

3.0 

bl 

i^r\  AO 
b\J'M.  49 

U.  b 

bo^o,  41 

T  T 
11 

3.  0 

oUbo.  io 

OA 

/.QIC  /l/I 

bojb. 44 

4 

6085. 04 

0.5 

h 

6843.80 

J 

17 

6088.  24 

I 

1.0 

6845.  84 

3.0 

bx.c  /,  lb 

U,  0 

n 

bo3^.  i u 

3.0 

/TOO       / O 

6133. 63 

11 

bob3.  UU 

3.  0 

/ICO    o  o 

olbo.  32 

3,  U 

c^Qct.  cn 
bobb.  bU 

13 

6168.  43 

0.5 

h 

6886.  48 

II 

2.  5 

6196.  23 

II 

3.0 

6888. 90 

34 

U.  b 

CQQA  CO 

bo74.  bo 

4 

6260.  3o 

1 

U.  b 

Z,QQC  CC 

b07b, bb 

1.8 

Z.  ^  >1  O     O  /I 

6343. 34 

2.  U 

Z,QQ7  QQ 
b07  /.  70 

T  T 
11 

5 

6386.  81 

9 

6899. 34 

II 

3.0 

o3yo,  61 

T  T 

II 

3.  U 

AOnA  C7 

bvUb.  b  / 

T  T 
1  1 

6 

6421.93 

1.0 

6912. 27 

II 

1.6 

h 

6436.  57 

II 

0.9 

h 

6925.  48 
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—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
trum  . 

m  K. 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
trum 

ITI 

XJ.1  X.^ 

2.  0 

6929. 54 

I 

1.  4 

7381. 60 

1.  0 

6932. 62 

II 

1  A 

1.  4 

n 

7403.  17 

\ 

0.  6 

6939.  72 

I 

0.  4 

7403.  99 

I 

0.8 

6942. 17 

I 

1.6 

7407.  62 

I 

0.6 

h 

6945. 35 

I 

3.5 

7412. 42 

I 

4 

6950.  29 

II 

8 

7426. 99 

II 

1.  6 

6951. 49 

I 

A  O 

0.  8 

n 

7428.  62 

0.  9 

6953.  00 

II 

"1  A 

1.  4 

7451.  08 

II 

0.6 

6957.  63 

I 

3.  0 

7457. 05 

II 

6 

6958. 08 

I 

0.5 

h 

7459.  97 

I 

0.  9 

6970. 51 

I 

1  A 

1.  0 

7483.  01 

2.  0 

h 

6982.  47 

I 

A  f" 

0.  5 

7509. 59 

\ 

2.  0 

6991. 31 

I 

2.  5 

7516.  59 

II 

7 

6998.  10 

I 

1.  0 

h 

7533.  14 

I 

0.5 

h 

7014. 66 

II 

8 

7543. 76 

I 

3.  0 

7017.  43 

I 

2.  5 

h 

7553.  03 

{ 

0.  5 

h 

7036.  38 

I 

0.  8 

n 

7557.  81 

1.  0 

7037. 61 

I 

4 

7559.  81 

I 

5 

7055.  95 

II 

6 

7562.  96 

II 

1.4 

h 

7062.  33 

I 

3.  0 

h 

7577.  47 

II 

3.  5 

7075.  15 

II 

A  C 

0.  5 

7587.  76 

A  C 

0.  5 

n 

7100. 61 

II 

4 

n 

7591.  36 

{ 

A  -7 

0.  7 

7101.70 

II 

0.  o 

t_ 
n 

7594.95 

I 

2.5 

7109. 30 

II 

0.6 

7609. 25 

I 

1.6 

7120.  93 

II 

2.0 

h 

7611. 54 

I 

1.  4 

7121.  31 

I 

A  O 

u.  o 

n 

7616.  21 

A  yi 

0.  4 

7141.  52 

II 

1.  6 

n 

7617.  73 

\ 

A  "7 

0.  7 

7149.31 

II 

0.  8 

n 

7635.  29 

II 

0.9 

h 

7156.  51 

I 

0.  8 

h 

7639. 25 

I 

2.0 

7175. 16 

II 

5 

h 

7641. 15 

I 

A  A 

0.  4 

n 

7198.  75 

I 

2.  5 

7645.  87 

A  A 

0.  4 

n 

7206.  89 

I 

O  A 

2.  0 

7646.  66 

\ 

1.  6 

7213. 32 

I 

A  / 

0.  6 

7648.12 

II 

0.4 

7222. 62 

I 

1.4 

7661. 47 

I 

0.4 

7223. 00 

I 

12 

7662.  35 

I 

2.  5 

h 

7230.  11 

I 

1.  6 

7666. 78 

II 

A  / 

0.  6 

h 

7234. 72 

II 

1.  4 

h 

7676. 74 

2.  0 

7250,  04 

I 

A  r* 

0.  5 

7693. 85 

I 

1.  0 

7261. 76 

I 

0.  7 

7696.  50 

I 

1.2 

7273. 60 

II 

0.9 

7711. 93 

II 

0.  4 

7279.  97 

I 

5 

7715.  35 

1.  4 

7288.  26 

II 

0.  7 

h 

7721.  08 

\ 

0.  4 

h 

7300.  31 

I 

7 

7729.  78 

II 

0.3 

h 

7314. 74 

II 

0.7 

h 

7739.  38 

II 

2.  5 

7345. 18 

II 

0.  6 

7750.  14 

I 

0.4 

7349. 66 

I 

3.0 

7751. 61 

II 

0.4 

h 

7354.  42 

II 

0.  8 

7757.  34 

0.7 

7361. 58 

II 

0.  6 

7760. 07 

1.6 

7370.  26 

II 

0.  6 

7780. 92 

3.0 

7376.  06 

I 

1.2 

7790.  05 
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T  jP  VPl  55 

in  K 
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in  IS. 

5 

7812. 08 

\ 

0.  7 

8388.  48 

0.  6 

7814. 69 

5 

8391. 96 

II 

1.  0 

7832. 79 

I 

1.8 

8405.  80 

II 

1.  0 

h 

7835. 55 

II 

3.  0 

8416.  61 

II 

1.  2 

7864.  32 

II 

3.  5 

8438. 57 

II 

1.  2 

7865.  00 

1.  4 

8444.  44 

II 

4 

7909. 36 

\ 

0.  7 

8472.48 

II 

0.  7 

7934. 89 

I 

0.  6 

8480.  50 

II 

0.  5 

7962. 72 

0.  7 

8490. 17 

I 

1.  6 

7968.  63 

1.  4 

8510.  77 

II 

T  /I 

1.  4 

7973.  14 

A  / 

0.  6 

8517.  68 

II 

1.  8 

7982.  80 

II 

1.  0 

8525.  73 

II 

0.  6 

8004.  46 

II 

0.  6 

h 

8528.  28 

II 

1.  2 

8008.  68 

T  T 

II 

1.  2 

A  r"       A      A  / 

8548.  96 

II 

1.4 

h 

8025. 33 

1.  4 

8557. 74 

T  T 

II 

0.  9 

h 

8027.  21 

1  A 

1.  0 

8567. 93 

T  T 

II 

0.  9 

8040. 01 

1.  2 

8575.  54 

II 

0.  6 

8047.  23 

I 

1.6 

8629. 95 

0.  6 

A  A  r"  O  AO 

8050. 93 

1.  4 

A  /  0  r  / 

8635.  6 

T  X 

II 

1.2 

8116.  90 

II 

4 

8655.  90 

II 

0.  5 

AT        A       "7  yi 

8140. 74 

A  n 

2.  5 

8657. 71 

X  X 

II 

0.  6 

8144.  28 

II 

1.  0 

h 

8667.  32 

II 

2.  0 

8147.  25 

I 

1.0 

8672.  51 

0.  6 

h 

A  ^    /  A       A  '1 

8169.  03 

A  H 

2.  5 

8678.  37 

X  X 

II 

4 

8198.  75 

II 

A  A 

0.  8 

8685. 1 

I 

15 

8201. 55 

1.  6 

A  /  A  /       A  A 

8696.  90 

X  X 

II 

0.  5 

8208.  30 

J{ 

1.  6 

h 

8715. 88 

II 

1.2 

h 

8216.  98 

II 

3.0 

8750.  30 

II 

1.6 

8218.  58 

II 

T  A 

1.  8 

AT  A  A      —7  /I 

8780.  74 

0.9 

8233.  55 

II 

7 

A~7  A  T  0 

8791.  37 

X  X 

II 

0.  6 

8243. 95 

II 

1.0 

8832.  67 

II 

3.  0 

8265. 50 

2.0 

8832. 92 

II 

0.6 

8323.  81 

3.5 

8850.  21 

II 

5 

8326.  04 

7 

8905.  62 

II 
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ERBIUM 


Er,  Z=68,  M=  167.27,  Ratio  ^=2.633 

En   Normal  state  of  valence  electrons  4:f^Qs^^B.^  =  0.    I. P.  -50000  K 
Em  Normal  state  of  valence  electrons  4/^^  6s^  *H6i^=0. 

References 

Wavelengths : 
Below  6880  A: 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden,  (Specola  Vaticana,  Vatican,  1945). 

Supplemented  by:  J.  M.  Eder,  Wien  Ber.  135,  Ila,  383  (1916). 
Above  6880  A: 

J.  M.  Eder,  Wien  Ber.  124,  Ila,  707  (1915). 
About  60  lines  above  6600  A  were  measured  on  our  plates. 

Spectrum  assignments  were  all  made  from  our  plates. 

Classification : 

En,    (normal  state)  I.  J.  Spalding,  unpublished  material  (May  1960). 
Em,  J.  R.  McNally  and  K.  L.  Vander  Sluis,  J.  Opt.  Soc.  Am.  49,  200  (1959). 


Relative  intensity  of  erbium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  erbium 


Strong  lines  of  erbium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 

k 

Term  combination 

1100 

4007.  97 

I 

850 

3906.  34 

II 

750 

3372.  76 

11 

0-29641 

/i2s>  *H6H— 29641  ?H 

700 

3692.  64 

II 

440-27514 

/'V  2H5H— 27514gH 

650 

3499.  11 

II 

440-29011 

/'V  29011 

600 

3862.  82 

I 

550 

4151.  10 

I 

420 

3896.  25 

11 

440-26099 

Ph'  2H5>i— 26099IH 

340 

3892.  69 

I 

320 

3830.  53 

II 

0-26099 

/i2si  4H|.^26099|m 

300 

3616.  58 

II 

0-27643 

/i2si  4HeK— 27643|>i 

280 

4087.  65 

I 

260 

3264.  79 

II 

0-30621 

/IV  *HeH— 30621  §K 

260 

3937.  02 

I 

260 

3944.  41 

I 

260 

3973.  60 

I 

240 

4020.  52 

I 

220 

3230.  59 

II 

220 

3312.  42 

II 

440-30621 

/i2si  2H5>^— 30621 

220 

3392.  00 

11 

220 

3973.  04 

I 

170 

3385.  08 

II 

440-29973 

/i2si  29973gH 

170 

3938.  65 

II 

160 

3786.  84 

II 

77 


Erbium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
^  Levels 
trum 
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T  T 

c 

OAT  /I  K/I 

T  T 
11 

4 

2358.  51 

II 

0-42387 

6 

2616.  87 

II 

3.5 

2377.  83 

II 

8 

2621. 72 

II 

A 

C.JOJ,  £.0 

T  T 

HH\J  — He.  JO  1 

In 

COCH,  iO 

T  T 
1  1 

D 

cjoOt  JO 

T  T 

n 

H 
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iib/:  1,11 

T  T 
11 
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^jo  1 ,  J.  1 

T  T 
1  1 

"X 

J.  J 

<:b^  /.  01 

T  T  T 
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6 

2396.  38 

III 

4 

2647.  14 

II 

5 
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II 

3.5 
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II 
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1  J. 

/ 

COJD,  /J) 

T  T 
1  1 

o  n 
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A 
H 

COOH,  il 

T  T 
11 

CHI  U. 

T  T 

11 

7 
1 

CoOj.  CO 

T  T 
11 

5 

2420.  28 

II 

7 

2656.  10 

II 

5 

2425.  23 

II 

6 

2657.  00 

II 

1 

CHL  /.  C.O 

T  T 
Jl  1 

D 
0 

<ibbD. 

T  T 
11 

A 

T  T 
1  X 

Q 

7 

iibbb. 

T  T 
11 

1  "J 

cHHO,  ^7 

T  T 
1  1 

u  —  'tUOb^ 

ZIQ 

CO  1  U,  CO 

T  T 
11 

4 

2458.  03 

II 

32 

2672. 26 

II 

4 

2459.  75 

II 

10 

2675.  35 

II 

OA(^C\  71 

T  T 
11 

n 

H 

^boo.  H\J 

T  T 
1  1 

b 

CHOH,  0^ 

T  T  T 
111 

A 

H 

0(-QQ  Q'X 
COO7,  7 J 

T  T 
1  1 

L.HO  1 ,  do 

T  T 
1  1 

c 
0 

tb7c5.  jy 

T  T  T 
111 

2.0 

2477.  59 

II 

2.  5 

2700.  67 

II 

4 

2478.  32 

II 

440-40778 

6 

2701.  69 

II 

J.  -> 

OAQc:    1  7 
CHOO,  i  / 

T  T 
1 1 

b 

971  1  t^t. 
C  1 1.1..  Oj 

T  T 
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EUROPIUM 


Eu,  Z=63,  M=  152.0,  Ratio  ^=2.392 


Eu  I  Normal  state  of  valence  electrons  4/  Gs^  ^83^^=0.  I. P.  =  45740  K 
Eu  n  Normal  state  of  valence  electrons  4/  Qs^  ^84  =0.    I.P.  =  90716  K 
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Relative  intensity  of  europium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  europium 

Strong  lines  of  europium 


Intensity 


4000  cw 
3400  cw 
2800  cw 
2400  cw 
2200  cw 

2000  cw 
1700  cw 

900  cw 

750 

650 

550 
550 
420 
340 
320 

200 
200 
190 
160 
120 

110 
100 


Wavelength 
A 


4205.  05 
3819.  67 
3930.  48 
3907.  10 
4129.  70 

3971.  96 
3724.  94 
4435.  56 
4594.  03 
4627.  22 

3688.  42 
4661.  88 
2727.  78 
2813.  94 
2906.  68 

4522.  57 
2820.  78 
2802.  84 
6645.  11 
7370.  22 

3212.  81 
3334.  33 


Spectrum 


II 
II 
II 
II 
II 

II 
II 
II 


II 

II 
II 
II 

II 
II 
II 
II 
II 


Energy  levels 
K 


0-23774 
0-26173 
1669-27104 
1669-27256 
0-24208 

1669-26838 
0-26839 

1669-24208 
0-21761 
0-21605 

0-27104 
0-21445 
0-36649 
0-35527 
0-34394 

1669-23774 
0-35441 

1669-37337 
11128-26173 
10643-24208 

0-31116 
0-29982 


Term  combination 


4f  6si  a  «S|  — 4f  6pi  z  'Pj 

4/76si  a  »Sl  — 4f  6p'  z  'Pj 

4f  6s  a       — 4/'6pi  z  'P3 

4/'6si  a       — 4/76pi  z  'P2 

4f  6si  a  "83  — 4f  6pi  z  ^P^ 


4f  6si  a  'S|  - 
4/76si  a  »SS  - 
4f  6si  a  - 
4/'6s2  a  883^- 

4/76s2  a  »S°3y,- 

4/76si  o  "Si  - 
4/'6s2  a  8S3H- 
4/76si  a  9S|  - 
4/76si  o  "Si  - 
4f  6si  a  8S|  - 

4f  6s'  a  ■'Si  - 
4f  6si  a  9S|  - 
4/'6si  a  7S3  - 
4/?5di  a  8Dg  - 
4/'5<ii  a  »D|  - 

4f76s2  a  sSIh- 
4/76s2  a  »Sl^- 


-4f' 6pi      z  "Pi 
-4/'6pi      z  'P4 
-4/76pi      2  ^Pi 
-4/'6si6pi  y  8P4H 
-4/76si6pi  y  sPjH 

-4/76pi      z  'Pa 
-4f6si6p'  2/8P2H 
-4/66si6di  y  'Ps 
-4/66s'6di  y  "Pi 
-ipQsW  y  8P3 


-4/76pi 

-4/66d2 
-4/76p' 
-4/76pi 


z^Ps 
IO83 

y'Pi 

z^Ps 

Z'Pi 

1133H 
10631^,  4)^ 
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Spec- 
trum 

Energy 
Levels 
in  K 

2  0 

2499  39 

IT 

1669-41667 

X  W  /           I  X  w  \J  1 

28 

2862.  57 

II 

X  X 

0  —  34923 

2.5 

2554.  78 

II 

16861-55991 

2.5 

2864*.  42 

II 

11128-46029 

2.5 

2559.18 

II 

17004-56067 

6 

2876.  06 

II 

1669-36429 

1  5 

2564  17 

II 

17004-55991 

X  1       v    1         w'  — '  /  /X 

10 

X  V/ 

2878  87 

I 

X 

0  —  34726 

10 

2568  17 

II 

17141-56067 

XfXiX  — '  \J  ^  \J  1 

8 

2887  85 

II 

X  X 

0-34618 

2  5 

2574  76 

II 

17141-55968 

X  *  X^X  — '  X  wu 

20 

2892. 54 

I 

X 

0-34562 

22 

2577.  14 

II 

16861-55652 

14 

2893!  03 

I 

0-34556 

2.5 

2581.86 

II 

17248-55968 

36 

2893.  83 

I 

2  5 

2604  61 

II 

X  X 

0  —  34546 

3  0 

2635  50 

II 

X  X 

0-37932 

320 

2906  68 

II 

X  X 

0-34394 

95 

2638  77 

II 

X  X 

1669-39554 

16 

X  \J 

2908.  99 

I 

X 

0-34366 

36 

2641.27 

II 

0-37849 

3.0 

2917! 44 

II 

1669-35936 

4 

2653.  61 

II 

85 

2925.  04 

II 

1669-35847 

2668  34 

II 

X  X 

1669-39135 

6 

2947  29 

II 

X  X 

0-33920 

10 

2673  42 

II 

20  cw 

2952  68 

II 

1669-35527 

24 

2678  29 

II 

X  X 

1669-38996 

3  0 

2958.  91 

I 

0-33786 

24 

268^.  66 

II 

0-37224 

3.5 

2959!  47 

II 

0-33780 

55 

2692.  03 

II 

1669-38805 

26 

2960.  21 

II 

1669-35441 

70 

2701  14 

II 

X  X 

0—37011 

W              f  W  X  X 

30 

2991  33 

II 

0-33420 

80 

2701  90 

II 

0-37000 

3  5 

2995. 22 

II 

X  X 

1669-35046 

24 

2705. 28 

II 

0-36954 

4 

3006  26 

II 

1669-34923 

18 

2709!  99 

0-36890 

3.5 

3022. 15 

I 

70 

2716.  98 

II 

1669-38464 

3.  0 

3040.  77 

II 

1669-34546 

7 

2723  96 

0-36700 

32  cw 

3054. 94 

II 

1669-34394 

420 

2727.  78 

II 

0-36649 

12 

3058  98 

I 

0-32681 

19 

2729  33 

II 

0-36628 

3.  5 

3069.  11 

II 

X  X 

24208-56781 

38 

2729.  44 

II 

1669-38296 

3.5 

3076.  07 

II 

1 

5 

2731. 37 

0-36601 

22 

3077.  36 

II 

0-32486 

4 

• 

2732.  61 

J 

0-36584 

3  5 

3089.  35 

II 

8 

2735.  25 

T 

0-36549 

12 

3097.  45 

II 

1669-33944 

16 

2740.  62 

II 

1669-38146 

XW  /              w  X  ~  w 

32 

3106  18 

^  X      \J  0  Xw 

I 

0  —  32185 

7 

2743!  28 

0-36442 

95 

3111.  43 

I 

0-32130 

12 

2744.  26 

II 

0-36429 

12 

3130.  73 

II 

4 

2745  61 

0-36411 

4 

3132  16 

I 

7 

2747  29 

II 

1669-38058 

5 

3149.  88 

II 

8 

2747  83 

J 

0-36381 

9 

3173  61 

II 

X  X 

0-31501 

W             X  ^  W  X 

9 

2752.  17 

II 

1669-37994 

4 

3185. 54 

I 

0-31383 

48 

2781.  89 

II 

1669-37606 

44 

3210. 57 

I 

0-31138 

190 

X  /  vy 

2802  84 

II 

X  X 

1669-37337 

110 

X  X  V 

3212  81 

^  ^  X  £-  •  UX 

I 

0-31116 

V        ^  X  X  X  w 

22 

I—  I— 

2811  75 

^  U  X  X  •    /  — ^ 

II 

X  X 

1669-37224 

44 

3213  75 

I 

0-31107 

3  0 

2813  08 

II 

5 

3235  13 

I 

0-30902 

340 

2813.94 

II 

0-35527 

10 

3241.  40 

I 

0-30842 

55 

2816.18 

II 

1669-37168 

5 

3246.  03 

I 

0-30798 

200 

2820  78 

II 

0-35441 

5 

3247  32 

II 

40  rw 

2828  72 

II 

X  X 

1669-37011 

11 

X  X 

3247  55 

I 

X 

0-30784 

12 

2829  30 

II 

X  X 

1669-37003 

XV/^y  /         ^1  \J\J  ^ 

11 

X  X 

3266  39 

II 

X  X 

23774-54380 

14 

2833.  26 

II 

1669-36954 

16 

3272.  77 

II 

23774-54321 

8 

2843. 96 

II 

1669-36821 

22 

3277.  78 

II 

23774-54274 

6 

2852. 05 

II 

16 

3301.  95 

II 

24208-54484 

26 

2859.  67 

II 

1669-36628 

5 

3304.  50 

II 
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and 
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length 
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Intensity 

and 
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in  A 

Spec- 
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Energy 
Levels 
in  K 

15 

3308.  02 

II 

24208-54429 

550 

3688.  42 

II 

0-27104 

15 

3313.33 

II 

24208-54380 

5 

3710.  87 

II 

10643-37584 

7 

3319.  89 

II 

24208-54321 

8 

3713.  45 

II 

10082-37003 

10 

3321.  86 

II 

11128-41223 

8 

3714.90 

II 

10313-37224 

9 

3322. 26 

0-30091 

3.  0 

3716.  94 

II 

,  100 

3334.  33 

J 

0-29982 

3.0 

3717.  69 

II 

5 

3338.  75 

II 

26838-56781 

3.  5 

3719.16 

14564-41444 

12 

3350.  40 

0  —  29839 

1700 

cw 

3724.  94 

II 

0-26839 

4 

3351. 56 

4 

3729. 68 

II 

4 

3354.  38 

jj 

4 

3729. 74 

II 

11128-37932 

5 

3367.  64 

J  J 

10082-39768 

1.8 

3732.  20 

J 

14068-40854 

15 

3369.  06 

II 

10643-40317 

4 

3738.  08 

II 

7 

3380.  25 

24208-53783 

30 

3741. 31 

II 

11128-37849 

8 

3390.  78 

9 

3743.  56 

II 

9923-36628 

20 

3391. 99 

J  J 

10082-39554 

22 

3761. 12 

II 

10643-37224 

30 

3396.  58 

J  J 

26838-56271 

8 

3765. 93 

II 

10082-36628 

5 

3419.  84 

II 

3.5 

3774.  10 

16612-43101 

7 

3423.  09 

5 

3781. 40 

II 

16 

3425.  02 

{J 

11128-40317 

3.5 

3788.  76 

II 

27104-53490 

5 

3426.  44 

J  J 

9923-39099 

4 

3791. 50 

II 

10643-37011 

5 

3435. 05 

J  J 

11 

3799.  01 

II 

10313-36628 

7 

3435.  20 

II 

6 

3801. 36 

4 

3435. 72 

8 

3807. 54 

T  T 

II 

5 

3440.  82 

{J 

27256-56311 

10 

3811. 33 

14068-40298 

16 

3441.  00 

JT 

10082-39135 

10 

3815.  50 

II 

5 

3445.  18 

J  J 

10082-39099 

3400 

cw 

3819.67 

II 

0-26173 

9 

3457.  05 

I 

0-28918 

10 

3826.  68 

II 

26838-52963 

5 

3457.  56 

10082-38996 

12 

3844.  23 

II 

10643  —  36649 

14 

3461. 38 

9923-38805 

16 

3865.  57 

15582-41444 

9 

3467.  88 

J 

0-28828 

4 

3872. 72 

J 

15582-41396 

8 

3477.  07 

J 

6 

3877.  27 

II 

8  h 

3505.  30 

II 

1669-30189 

13 

3884.  75 

14564-40298 

50  cw 

3521.  09 

26173-54565 

2.0 

3896.  78 

J 

8 

3531.  15 

JJ 

26173-54484 

2.0 

3900.  18 

5 

3532.  23 

J  J 

27256-55559 

6 

3900.  51 

J 

13222-38852 

7 

3538.  08 

J  J 

26173-54429 

2400 

cw 

3907.  10 

II 

1669-27256 

16 

3542. 15 

II 

9923-38146 

4 

3915. 24 

II 

9 

3543.  85 

4 

3916.  00 

J 

5 

3549.  71 

JJ 

20 

3917.  29 

13049-38569 

19 

3552.  52 

J  J 

10643-38784 

2.  0 

3917.  70 

II 

9923-35441 

8 

3589.  27 

J 

0-27853 

3.  5 

3918.  52 

J 

13779-39291 

5 

3591. 31 

II 

9 

3919.  09 

II 

16 

3603. 20 

10313-38058 

3.  5 

3928.  87 

T  T 

II 

10082  —355/i  / 

8 

3611.  57 

JJ 

10313-37994 

2800 

cw 

3930.  48 

II 

1669-27104 

5 

3616. 15 

JJ 

26838-54484 

3.  5 

3941. 56 

II 

10 

3622.  54 

J  J 

11128-38725 

2.0 

h 

3942.  21 

II 

10082-35441 

10 

3632.  18 

10082-37606 

4 

3942.  94 

II 

5 

-J 

3673  19 

JJ 

27104-54321 

8 

3943. 08 

II 

23774-49128 

5 

3674.  63 

10643-37849 

2.0 

3944. 59 

II 

5 

3678.  26 

27256-54435 

2.0 

3945.  67 

II 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Charactc] 

r 

Wave- 
length 
in  A 

Spec- 

Energy 
Levels 
in  K 

2.  0 

3949.  13 

II 

3.  0 

4247. 06 

II 

4 

3949.  60 

13049-38361 

3.0 

4253. 80 

II 

3.  0 

3950.  76 

II 

2.  0 

4270. 24 

II 

3.5 

3951. 33 

II 

10 

4298.  73 

13779-37035 

4 

3955.  75 

15582-40854 

6 

4329. 36 

J 

13457-36549 

2.  5 

3957. 92 

II 

5 

4329.  97 

J 

2.  0 

3963.  61 

15952-41175 

4 

4330.  61 

II 

8 

3964.  90 

II 

10313-35527 

2.  5 

4331. 18 

12924-36006 

10 

3966.  59 

II 

6 

4337.  68 

} 

13457-36504 

3.  0 

3967.  18 

14068-39268 

16 

4355.  09 

II 

26173-49128 

2000 

cw 

3971.  96 

II 

1669-26838 

1.  8 

4361. 57 

II 

4 

3978.  42 

13457-38586 

3.  5 

4369.  47 

II 

2.  0 

3979.  63 

II 

3.  0 

h 

4372.  20 

II 

3,5 

h 

3986.  60 

13457-38534 

5 

4383. 17 

II 

26838-49647 

2.  5 

3988.  24 

II 

6 

4387.  88 

13222-36006 

2.0 

3993. 93 

II 

1.  4 

h 

4405. 27 

II 

16861-39554 

3.  5 

3995.  98 

II 

3.  5 

4407.  07 

II 

4 

4003.  71 

II 

1.2 

4419.  66 

II 

12 

4011.  69 

II 

24208-49128 

8 

4434.  81 

II 

27104-49647 

10 

4017.  58 

II 

10643-35527 

900  cw 

4435. 56 

II 

1669-24208 

8 

4039.  19 

J 

5 

h 

4464.  97 

II 

27256-49647 

3.  0 

h 

4078.  24 

I 

13779-38292 

1.  6 

4485.  15 

II 

26838-49128 

8 

4085. 38 

II 

9923-34394 

200 

4522. 57 

II 

1669-23774 

5 

4096. 80 

II 

10643-35046 

3 

h 

4535.  59 

15952-37994 

4 

4106.  88 

12924-37266 

750 

4594.  03 

J 

0-21761 

6 

h 

4112. 04 

II 

10082-34394 

1.4 

4602.  63 

J 

16080-37800 

3.  0 

4119.  30 

II 

650 

4627.  22 

I 

0-21605 

5 

4127.  28 

16080-40302 

550 

4661. 88 

0-21445 

2200 

cw 

4129. 70 

II 

0-24208 

2.0 

4713.  59 

\ 

15680-36890 

2,  0 

4136.  59 

II 

1.8 

4740.  50 

J 

13457-34546 

2.5 

4137.  07 

J 

16080-40245 

3.0 

4792. 59 

J 

13457-34317 

2.  0 

4141.  02 

II 

2.5 

h 

4829.  30 

I 

15680-36381 

4 

4141.  72 

II 

4 

4830.  33 

17341-38037 

2.0 

4151.  52 

II 

10313-34394 

2.  5 

h 

4840.  47 

\ 

17341-37994 

3.  0 

4151. 64 

II 

4 

h 

4849. 64 

T 

15952-36567 

2.  0 

4157.  72 

T 

13049-37094 

7 

4867.  62 

T 

13779-34317 

7 

4172.  80 

II 

2.5 

h 

4884.  05 

I 

16080-36549 

2.  0 

4175. 16 

II 

6 

4894.  68 

16080-36504 

7 

4182. 22 

13222-37126 

4 

4900. 86 

\ 

14068-34467 

2.  5 

4195.  36 

II 

10 

4907.  18 

J 

14068-34440 

2.  5 

4196. 18 

II 

12 

4911. 40 

J 

14068-34423 

4000 

cw 

4205.  05 

II 

0-23774 

3.  5 

4953.  52 

I 

15891-36073 

3.  0 

4221. 08 

II 

3.5 

4960.  21 

\ 

15891-36045 

2.5 

4223. 88 

II 

3.5 

4962.  55 

15952-36098 

6 

h 

4227. 40 

II 

3.  0 

4975.  76 

J 

17945-38037 

5 

4229.  33 

II 

12 

5013. 17 

J 

14564-34506 

5 

4232.  45 

II 

11 

5022.  91 

\ 

14564-34467 

6 

4237  51 

It  '  /  •  -/X 

II 

7 

5029.  54 

14564-34440 

3.0 

4238.  69 

II 

6 

5033.'  55 

15952-35813 

3.0 

4244.  74 

13049-36601 

5 

5067. 95 

13222-32948 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
tr\im 

Energy 
Levels 
in  K 

5 

h 

5092.  69 

I 

16612-36242 

2.0 

5533. 25 

I 

13049-31116 

6 

h 

5096.  44 

I 

19447-39063 

2.0 

5542. 54 

I 

17341-35378 

11 

1^U^7  —  JCD70 

1 1 

XJ 

C  C  /I  7     A  A 

l/i9<;4  —  30945 

6' 

5124.  77 

J 

15891-35398 

10 

5570. 33 

{ 

13779-31726 

11 

5129.  10 

I 

13457-32948 

13 

5577. 14 

I 

13457-31383 

6 

5130.  08 

I 

15891-35378 

5 

5579. 63 

I 

14564-32481 

14 

5133.  52 

I 

12924-32398 

8 

5580.  03 

I 

13222-31138 

18 

DloU.  U  / 

\ 

Ljccc  —pcDyo 

b 

C  C           "i  A 
DDOD.  ^4 

13049-30945 

14 

5166.  70 

13049-32398 

5 

5586.  83 

} 

13222-31116 

A 

H 

5193.  74 

I 

17341-36589 

1.2 

5592. 25 

I 

12924-30801 

13 

5199. 85 

I 

17341-36567 

1.2 

5599.  80 

I 

13049-30902 

7 

5200.  96 

I 

15952-35174 

1.2 

5605.  86 

I 

17341-35174 

8 

Ibbl^i  —  jdoLj 

o  c 

C^l  O  01 

DblC).  ol 

liccc  —  31014 

50 

5215. 10 

I 

13779-32948 

4 

5622.  44 

{ 

14068-31849 

5223.  49 

I 

13457-32596 

5 

5632.  54 

I 

13049-30798 

8 

5239.  24 

I 

13049-32130 

14 

5645.  80 

I 

0-17707 

13 

5266.  40 

I 

13779-32762 

1.  0 

5651.  11 

I 

17707-35398 

26 

DC  1  i. 

1  CCDO      1A  C/1  C 

/I 

C^71  QC 

T 1000  ino/io 
Ijccc  — ^Uo4<: 

7 

5272.  48 

I 

13457-32418 

1.8 

5681.  10 

I 

13222-30819 

lU 

5282. 82 

I 

15582-34506 

1.8 

5684.  24 

I 

19447-37035 

3.  5 

5287.  25 

I 

13222-32130 

4 

5730.  87 

I 

13457-30902 

4 

5289. 25 

I 

17707-36608 

4 

5739.  00 

I 

19447-36867 

8 

COOT 

Ocyl,  CO 

l7^  / i —  joib 1 

oo 
cc 

C7^c  on 

D  loo,  CU 

n  171/n 
U  —  1 / ^41 

4 

5293.  68 

I 

15582-34467 

12 

5783.  69 

{ 

14564-31849 

Q 

5294.  64 

I 

17707-36589 

1.0 

5792. 72 

I 

19631-36890 

6 

5303.  85 

I 

16612-35461 

4 

5800.  27 

I 

13779-31014 

2.0 

h 

5350.  41 

I 

17945-36630 

11 

5818.  74 

II 

9923-27104 

5 

h 

CI  m    ^  o 
DDdL.  by 

^  c/i on     1/1 1  no 
iDHCi  —  jhUjc 

40  cw 

com  QD 

^  177Q  inQO/1 
ID  1 /9  —  ^U9^4 

2.5 

5352.  84 

I 

17945-36622 

1.8 

5845.  77 

I 

19447-36549 

b 

5355.  10 

I 

16612-35280 

1.8 

5860. 97 

I 

19447-36504 

36 

5357.  61 

I 

13457-32117 

1.  0 

5864.  77 

I 

19364-36411 

4 

5360.  83 

I 

15138-33786 

6 

5872. 98 

II 

10082-27104 

8 

DJOi. bl 

T^non  i/i70^ 
IbUoU  —  J4 /CO 

1.  u 

1  Qc/i  A  i^cno 
19344  —  JODUC 

7 

5376.  94 

{ 

16612-35205 

1.8 

5902.  97 

I 

19764-36700 

Q 
O 

5392.94 

I 

15249-33786 

0.8 

5909. 94 

I 

15680-32596 

30 

5402. 77 

I 

13222-31726 

5 

5915.  74 

I 

15582-32481 

3.0 

5405.  33 

I 

16612-35107 

0.  8 

5925.  30 

I 

19712-36584 

3.  0 

5411.  o6 

1.  o 

CQO^  CO 

oyco,  DC 

1  ^nQn    10Q/I Q 
IbUoU  —  ^^940 

3.5 

5421. 07 

\ 

16612-35053 

3.0 

5942.  72 

{ 

19462-36285 

L 
D 

5426.  94 

I 

15680-34102 

1.8 

5953.  49 

I 

19794-36586 

2.  5 

5443.  56 

I 

15421-33786 
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Europium  —  All  Observed  Lines 
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GADOLINIUM 


Gd,  Z=64,  M=157.26,  Ratio  7^=2.475 


Gdi  Normal  state  of  valence  electrons  5d^  Qs^  ^Dl  =0.  I.P.=  49700  K 
Gdii  Normal  state  of  valence  electrons  4f  5d^  Qs^  ^°'Dly,=0.    I. P.  =  100000  K 

References 

Wavelengths : 

A.  S.  King,  Astrophys.  J.  97,  323  (1943). 

Classification : 

Gd  I  and  Gd  ii,  H.  N.  Russell,  J.  Opt.  Soc.  Am.  40,  550  (1950). 
Molecular  Spectra : 

GdO,  A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican, 
1945). 


Relative  intensity  of  gadolinium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  gadolinium 
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Gadolinium  —  All  Observed  Lines 
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13076  —  26595 

1  A 
1.  ^ 

7058.  02 

T  T 

II 

18096  —  32260 

1  R 

^  yi  O  A     1  A 

7430.  19 

1719  —  15174 

i. 

7068.  09 

II 

n  6 

7432.  57 

II 

i.  u 

7069.  93 

II 

n  7 

7434.  46 

I 

2.  5 

7071. 00 

I 

10576  —  24715 

5 

7441.  85 

A       1  0  ^  0  ^ 

0—13434 

2.5 

"7  A  "7  O      /  O 

7073.  63 

I 

1719  —  15o52 

6 

36 

COO  lOAA/ 

533  —13926 

n  7 
u,  / 

"7  A  O  /I  TO 

7084.  lo 

T 
I 

1  /  /9b  —  3190  / 

7  /I  OQ    /I  yi 

/ 489.  44 

T  T 

11 

II 

18151-32263 

n  R 

u.  o 

7505.  35 

II 

12892-26212 

i.  u 

7085.  52 

II 

18151-32260 

R 

7562. 97 

215-13434 

0.7 

"7  A  AO       A  A 

7093. 90 

I 

18084-32176 

1.4 

7563.  19 

T  T 
11 

2.0 

"7  A  n  O    T  1 

7098.  11 

T 
I 

1129  7  —  25381 

0.  8 

/566.  10 

11830  —  25044 

9  n 

T  A  n  O  Tl 

7098.  73 

I 

215  —14298 

1  4 

7c  o  o  on 
/do8.  20 

1248  /  —  25661 

n  R 
u.  o 

7099.44 

I 

12487-26568 

1  4 

X.  t 

7611.78 

11297-24430 

1.  u 

7100.  71 

I 

10576-24656 

7621. 96 

I 

10884-24000 

0.5 

*7  T  A  n       "7  O 

7101.  73 

II 

I'TOTA        O  A  A /I  n 

17972  —  32049 

3.  0 

7650. 32 

1AC"7Z.  AO//1/! 

10576  —  23644 

1.4 

h 

7116.  77 

T  T 
II 

18001  —32049 

3.  5 

7Z.  70     C  ^ 

76 /2.  56 

lAO/A  AOOAA 

10360  —  23390 

"71  T  O     O  Z. 

711o.  oo 

T  T 

18641  —32685 

1  4 

lb  lb.  06 

llO'in          A  0  C  A 

11830  —  24854 

c 

7122. 57 

I 

0-14036 

X,  u 

7677.  16 

19525-32548 

i.  c. 

7133. 16 

II 

18245-32260 

X.  U 

7683. 36 

I 

19165-32176 

1.8 

"71  '3  IT  "7'5 

7135. 73 

T  T 

II 

1.8 

"7  /  A  /!  AC 

1  AAAA        AOAl  C 

10222  —  23215 

0.8 

h 

"7  1/11      1  "7 

7141. 17 

T  T 
II 

lOlCl  '2AlCn 

18151  —32150 

0.6 

"7"71  ~7  / 

1111 »  66 

*7/10A  AA/lO/1 

7480  —  20434 

~n  /I  /     1  o 

7146. 13 

T  T 

II 

n"7AAA  01A~7~7 

17988  —  31977 

X  X 

7733.  50 

AAA  lOAA/ 

999  —  13926 

/I.  0 

7147.31 

II 

n  Q 

U.  7 

7738.  09 

II 

n  f? 

U,  o 

7150.  77 

I 

7562-21543 

n  4 

11 

7748. 37 

II 

19402-32304 

1.8 

"7 1  C  A     A  A 

7158.  28 

I 

10884  —  24850 

5 

"7  "7  /I  A  OA 

ll'\9,  30 

roo  lo/io/i 

533  —  13434 

0.8 

"7 1  /   /I  OA 

7164.  30 

T  T 

II 

1.4 

■7*7  C  II  0*7 

llbo.  97 

lA/lOT  ACO*?/ 

12487  —  25376 

Tl  /  O     *2  "7 

7168.  37 

T 

I 

1719  — 15665 

1  4 

X.  H 

77 ^  /      >l  O 

llbb.  48 

J,  u 

7172.  26 

II 

13926-27865 

X.  u 

h 
11 

7787.  22 

II 

U.  D 

7173.40 

II 

17972-31908 

X.  ^ 

7834.  46 

10884-23644 

4 

T  1  A  A     n  ~t 

7189.  57 

T  T 
II 

18245  —  32150 

1.0 

-7000     0  ^ 

T  T 
11 

0.  8 

T  T  A  T        /I  A 

7191. 49 

II 

1.6 

h 

-70^/1      A  "7 

7844.  87 

lAO/A  AOlA/l 

10360—23104 

1.  o 

"7 1  A  "7      A  A 

7197,  08 

II 

18369  —  32260 

1  4 

X.  H 

1 0  AC  on 

7845. 80 

lAl/C  OlAA"? 

19165  —  31907 

n  R 

11 

7198.  63 

I 

7562-21450 

7846.  35 

II 

1.  o 

7201. 41 

II 

5 

7856.  93 

I 

6976-19701 

1.4 

~7  A  A  A     A  A 

7228.  02 

I 

10884  —  24715 

0.7 

"7  0  /  "7     "7  0 

7867. 73 

3.5 

~T  A  O  O  /If" 

7233.  45 

I 

AlC        1  A  f\0.  / 

215  —  14036 

2.0 

■70/  n  70 

7869.  72 

llAn*7  A^AAA 

11297  —  24000 

U.  7 

■7  A  /I  A      A  /I 

7242.  24 

T  T 
11 

18245  —  32049 

n  A 

u.  o 

7884.  39 

/480  —  20160 

9  n 

d.,  u 

7252.  70 

II 

13378-27162 

n  A 
u.  o 

11 

7908.  06 

II 

17725-30367 

/I 

n 

7262. 66 

I 

533-14298 

n  Q 

<J.  7 

7910. 08 

10576-23215 

2.  0 

~7  A  A  n  or? 

7291.  35 

T 

I 

AlC  lOAA/ 

215  —  13926 

3.5 

-7  A  0  A  AC 

/930.  25 

T  T 

11 

U.  b 

*7  O  A  1       A  A 

7301. 22 

T  T 

II 

n  Q 

U.  7 

n 

■7  A  /  AC 

7963. 25 

II 

3.  0 

~7  O  T  O      A  A 

7313.  28 

I 

AAA  1VT/Z.n 

999  — 14669 

0.  5 

i^bb.  66 

Z.A"7/  lACAC 

6976  —  19525 

2.5 

7324.  89 

II 

0.  8 

7978.  15 

I 

6976-19507 

1.2 

7327.  07 

I 

20160-33804 

0.9 

7993.  82 

10884-23390 

2.0 

7373.  81 

I 

11297-24854 

0.9 

8006. 26 

7947-20434 

2.0 

7376.41 

I 

11297-24850 

0.9 

8010.53 

II 
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Gadolinium  —  All  Observed  Lines 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy 
Levels 
in  K 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trunn 


Energy 
Levels 
in  K 


0.9 

8019.  82  ] 

[  7235 

-19701 

1.4 

8445.  47 

I 

7562-19400 

0.6 

8037.  40  ] 

1.8 

h 

8527.  88 

I 

7562-19285 

0.  8 

8048.  08  ] 

7103 

-19525 

0.7 

8559.11 

J 

10884-22564 

1,  o 

Rn77  1 

r       71 0% 

— 1 Q4Sn 

u«  o 

R^Al  77 

1 ODj  —  LyjjX 

0.4 

8089.  96  J] 

[  19947 

-32304 

0.6 

h 

8579.  77 

II 

0.5 

h 

8144.  00  ] 

0.6 

8615.97 

II 

2.5 

8146.15  ] 

7235 

-19507 

0.8 

h 

8659.  66 

II 

0.  6 

h 

8185.  90  ] 

[  7947 

-20160 

1.2 

h 

8661.  48 

n  7 

R?n9  (17  1 

OOUO.  \jj 

1.6 

8218.  08  ] 

7235 

-19400 

0.7 

8674.86 

I 

11297-22821 

1.4 

8275.  42  ] 

[  7427 

-19507 

0.9 

8752.  77 

11297-22718 

0.7 

h 

8315.  02  I] 

1.6 

8770.  36 

{ 

11830-23229 

1.0 

8316.  38  I] 

1.8 

8784.  85 

6550-17931 

1.4 

8349.  73  ] 

7427 

-19400 

1.4 

8795. 76 

11830-23196 

0.  6 

8374.  76  ] 

[  10884 

-22821 

3.0 

h 

8832.  06 

II 

0.  6 

8377.  79  ] 

[  11297 

-23229 

2.0 

h 

8849.14 

6786-18084 

1.6 

8398.  30  ] 

[  7427 

-19331 

2.5 

h 

8867.  31 

7235-18509 

1.0 

8442.  58  J] 
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GALLIUM 

Ga,  Z=31,  M=69.72,  Ratio  ^=1.097 

Ga  I  Normal  state  of  valence  electrons  4:sHp'-  2PoH=0.  I.P.=  48380  K 
Ga II  Normal  state  of  valence  electrons  4s^       %  =0.    I. P.  =  165458  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Gai,  A.  Fowler,  Report  on  Series  in  Line  Spectra,  (Fleetway  Press,  London,  1922). 
R.  A.  Sawyer  and  R.  J.  Lang,  Phys.  Rev.  34,  712  (1929). 

Intensities : 

Y.  I.  Ostrovskii  and  N.  P.  Penkin,  Optika  i  Spektroskopiya  4,  719  (1958). 


Relative  intensity  of  gallium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  gallium 


Strong  lines  of  gallium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

2000 

4172.  06 

I 

826-24788 

4s24pi  2PfH— 4s25si  2SoH 

1000 

4032.  98 

I 

0-24788 

4s24pi  2P5h— 4s25si  ^Sqh 

Gallium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

0.  6 

2294. 20 

0-43574 

34 

2659.  87 

0-37585 

2.0 

2338.  28 

826-43578 

80 

2719.  65 

826-37585 

1.8 

2371. 32 

0-42158 

500 

2874. 24 

0-34782 

8 

2418.  70 

826-42158 

950 

2943.  64 

826-34787 

75 

2450.  07 

0-40803 

150 

2944.  18 

826-34782 

130  h 

2500.  17 

826-40811 

1000 

4032.  98 

0-24788 

12 

2500.  70 

826-40803 

2000 

4172.  06 

826-24788 

2.5 

2624.  82 

826-38913 
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GERMANIUM 


Ge,  Z=32,  M=72.60,  Ratio  ^=-1.143 

Ge  I  Normal  state  of  valence  electrons  45^  4^^  ^Po  =0.  I.P.=  63600  K 
Ge  II  Normal  state  of  valence  electrons  4s^  4.^^  ^PoH=0-    I.P.  =  128518  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  WUey  & 

Sons,  New  York,  1939),  from  2000  to  5000  A. 
C.  W.  Gartlein,  Phys.  Rev.  31,  782  (1928),  below  2000  A. 
C.  C.  Kiess,  J.  Research  NBS  34,  1  (1940),  above  5000  A. 

Classification : 

Ge  I,  K.  R.  Rao,  Proc.  Roy.  Soc.  (London)  [A]  124,  465  (1929). 
C.  C.  Kiess,  J.  Research  NBS  34,  1  (1940). 


Relative  intensity  of  germanium  lines  observed  in  an  arc  of  copper  containing  0.1 

atomic  percent  of  germanium 


Strong  lines  of  germanium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

1200 

2651.  18 

I 

1410-39118 

4s24p2  3p2_4s2  4pi5si  3P§ 

850 

2709.  63 

I 

557-37452 

4s24p2  3p,_4s2  4pI5sl  spj 

750 

3039.  06 

I 

7125-40020 

4s24p2  1D2— 4s2  4pi5s'  iP; 

650 

2754.  59 

I 

1410-37702 

4s24p2  — 4s2  4pi5si3Pf 

Germanium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

11 

1954.  49 

557-51705 

90 

2497.  96 

0-40020 

8 

1961.  40 

7125-58091 

70 

2533.  23 

557-40020 

14 

1970.  26 

1410-52148 

2.5 

2556.  30 

16367-55474 

8 

1987.  64 

1410-51705 

28 

2589.  19 

1410-40020 

26 

1998.  25 

1410-51437 

500 

2592. 54 

557-39118 

13 

2019.05 

557-50069 

6 

2644.  19 

16367-54175 

24 

2041. 69 

0-48962 

1200 

2651.  18 

1410-39118 

16 

2043.  76 

1410-50323 

550 

2651. 58 

0-37702 

5 

2054.  45 

1410-50069 

500 

2691. 34 

557-37702 

2.5 

2057.23 

7125-55718 

850 

2709.  63 

557-37452 

10 

2065.  20 

557-48962 

40 

2740.  43 

16367-52847 

34 

2068.  65 

557-48882 

650 

2754.  59 

1410-37702 

7 

2086.  00 

557-48480 

7 

2793.  94 

16367-52148 

36 

2094.  23 

1410-49144 

8 

2829.  01 

16367-51705 

5 

2105. 80 

1410-48882 

750 

3039.  06 

7125-40020 

2.5 

2124.75 

7125-54175 

60 

3067. 01 

16367-48962 

20 

2198.  70 

7125-52592 

20 

3124.  82 

7125-39118 

2.0 

2256.  00 

7125-51437 

110 

3269.  49 

7125-37702 

4 

2314.20 

7125-50323 

70 

4226.  57 

16367-40020 

6 

2327.  90 

7125-50069 

6 

4685.  84 

16367-37702 

9 

2379.14 

7125-49144 

0.  6 

8789.  87 

I 

37702-49076 

85 

2417.37 

7125-48480 
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GOLD 

An 

Au,  Z=79,  M=  197.0,  Katio  ^=3.10 

Au  I    Normal  state  of  valence  electrons  5rfi°  Gs^  ^Soh=0.    I.P.  =  74410  K 
Au  II  Normal  state  of  valence  electrons  5rfi°      %  =0.    I.P.  =  165000  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Au  I  and  Au  iv  J.  R.  Hatt  and  R.  A.  Sawyer,  Phys.  Rev.  60,  866  (1941). 


Relative  intensity  of  gold  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  gold 


Strong  lines  of  gold 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

340 

2675.  95 

I 

0-37359 

5dW6si  2Soj^— 5d'»6pi  ^Poj^ 

200 

2427.  95 

I 

0-41174 

Gold  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

8 

2012.00 

9161-58845 

32 

3029.  20 

9161-42164 

2.0 

2021.  38 

9161-58616 

160 

3122. 78 

9161-41174 

6 

2352.  65 

9161-51654 

4 

3897. 89 

42164-67812 

6 

2387. 75 

9161-51029 

4 

4040. 94 

21435-46174 

200 

2427.  95 

0-41174 

7 

4065.  08 

37359-61952 

1.6 

2544.  19 

21435-60729 

2.  0 

4315.  09 

45537-68705 

3.0 

2590. 04 

21435-60033 

1.2 

4437.  27 

46174-68705 

26 

2641.49 

9161-47007 

2.5 

4488.  25 

45537-67812 

340 

2675.  95 

0-37359 

9 

4607.34 

47007-68705 

3.  0 

2688.  71 

21435-58616 

5 

4792. 60 

41174-62034 

8 

2700.  89 

9161-46174 

2.5 

5837.40 

37359-54485 

110 

2748.  26 

9161-45537 

6 

6278.  18 

21435-37359 

1.6 

2883.  45 

21435-56106 

6 

7510.  75 

41174-54485 

1.6 

2932.  19 
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HAFNIUM 


Hf,  Z=72,  M=  178.50,  Ratio  p^=2.809 

Cu 

Hf  I  Normal  state  of  valence  electrons  5d^  Qs^Wi  =0.  I.P.=  55000  K 
Hf  II  Normal  state  of  valence  electrons  5d^  Qs^  ^0^=0.    I.P.  =  120000  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  WUey  & 

Sons,  New  York,  1939). 
C.  H.  Corliss  and  W.  F.  Meggers,  J.  Research  NBS  61,  269  (1958). 

Classification : 

Hf  I,   W.  F.  Meggers,  unpublished  material. 

Hf  II,  W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  13,  625  (1934). 

Molecular  Spectra: 

HfO,  W.  F.  Meggers,  unpublished  material. 


Relative  intensity  of  hafnium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  hafnium 


Strong  lines  of  hafnium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combinatio 

1 

A 

K 

260 

3399. 

80 

II 

0-29405 

5d'6s2  a  2Di!^,- 

— 5d'6s'6p' 

240 

2866. 

37 

0-34877 

5d26s2  a  SF2  - 

— 5c?26s'6p' 

y  'F| 

240 

3072. 

88 

0-32533 

5d26s2  a  - 

— 5d26s'6p' 

y'Gl 

220 

2916. 

48 

4568-38845 

5d26s2  a  3F4  - 

— 5d26s'6pi 

220 

2940. 

77 

0-33995 

5d26s2  a  - 

— 5d26s'6p' 

w  m 

220 

3682. 

24 

0-27150 

5d26s2  a  'F2  - 

— 5c?26s'6p' 

y 

200 

2898. 

26 

2357-36850 

5d26s2  a  - 

— 5rf26s'6p' 

W  'F4 

160 

2964. 

88 

2357-36075 

5d26s2  a  - 

— 5rf26s'6p' 

X  3F| 

150 

3561. 

66 

II 

0-28069 

5d'6s2  a  2DiH- 

— 5di6si6p' 

z 

140 

2820. 

22 

II 

3051-38499 

5di6s2  a  2D2H- 

— 5d26p' 

3  ^GIh 

140 

2904. 

41 

4568-38988 

5rf26s2  a  3F4 

— 5(P&s^6p^ 

y  3F3 

140 

2950. 

68 

2357-36237 

5rf26s2  a  3F3  - 

— 5d26s'6jo' 

X  'F| 

140 

3505. 

23 

II 

8362-36882 

5d26s'  a  *¥iy,' 

— 5d'6si6pi 

3  ^Ds,^ 

140 

3777. 

64 

0-26464 

5d26s2  a  3F2  - 

— 5rf'6s^6pi 

2  iPf 

140 

3785. 

46 

4568-30977 

5d26s2  a  3F4  - 

— 5d26ji6pi 

3  3G| 

130 

3020. 

53 

2357-35454 

5d26s2  a  - 

— 5d26s'6pi 

w  sFl 

130 

3820. 

73 

4568-30733 

5rf26s2  a  3F4  - 

y  m 

120 

2638. 

71 

II 

0-37886 

5d'6s2  a  ^Diy,- 

— 5di6si6pi 

120 

2641. 

41 

II 

8362-46209 

5d26si  a  4F4H- 

— 5d26pi 

3  ^GSj^ 

120 

2954. 

20 

4568-38408 

5rf26s2  a  3F4  - 

— 5d26si6p' 

120 

2980. 

81 

0-33538 

5d26s2  a  3F2  - 

— 5<P6s^6p^ 

a:  3F5 

120 

3012. 

90 

II 

0-33181 

5di6s2  a  2D,,/,- 

— 5d'6si6pi 

3  2D|^ 

120 

3016. 

94 

II 

0-33136 

5di6s2  a  2Dm- 

— 5di6si6pi 

3  2PoH 

120 

3057. 

02 

4568-37270 

5d26s2  a  3F4  - 

— 5rf26s'6p' 

X  3G| 

120 

3569. 

04 

II 

6344-34355 

5(i26s>  a  'Fsy,- 

— 5di6s'6pi 

3^D2H 
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Hafnium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  rgy 
Levels 
in  K 

5 

2012.  78 

TT 

3051-52717 

11 

X  X 

2473  92 

TI 

1 2921  —  53331 

8 

2028!  18 

II 

13486-62775 

6 

2481.  44 

II 

17830-58117 

2.5 

2096.  18 

15084-62775 

6 

2482. 65 

I 

0-40267 

4 

2210.  82 

n 

36883-82101 

6 

2487. 16 

T 

0-40194 

4 

2254,  01 

TT 

3645-47996 

32 

2496.*  99 

II 

3645  —  43681 

2  0 

2255.  15 

II 

8 

2500. 74 

II 

15084-55060 

3.  5 

2266.  83 

II 

4905-49006 

8 

2502.  66 

I 

2357-42302 

10 

2277.  16 

0-43901 

65 

2512.  69 

II 

4905-44691 

A 

2321  14 

4905-47973 

65 

2513  03 

II 

6344  —  461  25 

16 

2322  47 

TT 

0-43044 

15 

2515.  48 

II 

13486-53227 

2323  25 

TT 

3645-46675 

100 

2516  88 

II 

X  X 

3051-42771 

3.0 

2324.  50 

II 

12071-55077 

8 

2517. 86 

I 

0-39704 

8 

2324.  89 

4905-47904 

8 

2521.  49 

II 

17830-57478 

2332  97 

n 

3645-46495 

38 

2531  19 

II 

X  X 

4905-44400 

A 

2337  33 

TT 

0-42771 

9 

2532.  97 

II 

X  X 

3051—42518 

8 

2343  32 

TT 

6344-49006 

22 

2537  33 

II 

X  X 

3645-43044 

11 

2347.  44 

II 

6344-48931 

12 

2548.  20 

II 

13486-52717 

20 

2351.  22 

0-42518 

36 

2551. 40 

II 

17389-56572 

4 

2353  02 

^\ 

0  —  42485 

3  0 

2551  85 

TI 

X  X 

12921-52097 

4 

2365  98 

J  J 

4905-47158 

7 

2559  02 

X 

2357  —  41  422 

1  3 

2380  30 

TT 

3645-45643 

14 

X  ~ 

2559.  19 

II 

X  X 

12071—51134 

X  t~  W  /  X              X  J  ^    1  1 

5 

2381. 00 

II 

14360-56346 

28 

2563.*  61 

II 

4905-43901 

10 

2393, 18 

12921-54693 

6 

2570.  71 

II 

15084-53973 

26 

2393  36 

II 

4905-46675 

100 

2571  67 

II 

X  X 

3645-42518 

40 

2393  83 

T  J 

0-41761 

36 

2573.  90 

II 

X  X 

12071  -50910 

9 

2400  78 

T  J 

3051  —  44691 

7 

2574.  89 

I 

X 

5 

2404.  56 

II 

13486-55060 

36 

2576*.  82 

II 

8362-47158 

36 

2405.  42 

6344-47904 

34 

2578.  14 

II 

4905-43681 

9 

2406  44 

n 

1 1952  —  53494 

36 

2582. 54 

II 

X  X 

3051-41761 

26 

2410  14 

II 

8362-49841 

14 

2591. 33 

II 

0-38579 

7 

2413  33 

II 

12071-53494 

3  5 

2594. 12 

I 

4568-43105 

4 

2415.  96 

II 

11952-53331 

6 

2599. 22 

II 

15084-53546 

26 

2417.  69 

3051-44400 

6 

2602. 67 

I 

2357-40768 

10 

2425  98 

13486-54693 

3  0 

2602  87 

I 

0-38408 

3  5 

2428.  75 

T 

2357-43518 

44 

2606  37 

II 

3051-41407 

10 

2428  99 

II 

12071-53227 

50 

2607  03 

II 

6344-44691 

12 

2433.  57 

II 

17369-58448 

6 

2607.  24 

II 

14360-52703 

4 

2434.  74 

17389-58448 

13 

2608.  45 

I 

0-38325 

4 

2444  99 

^I 

4568  —  45455 

4 

2609  96 

I 

4568-42871 

42 

2447  25 

TT 

3051-43901 

2  5 

2612. 59 

I 

5522-43786 

^  6 

2449  44 

J  J 

6344-47158 

W-XTt  ^/X_^U 

26 

2613  60 

II 

17389-55639 

4 

2452. 30 

II 

11952-52717 

8 

2614.  29 

II 

15254-53494 

12 

2453.  34 

17369-58117 

10 

2616.  61 

I 

5639-43845 

2460  49 

3051  —43681 

50 

2622. 74 

II 

3645-41761 

n 

246"?  97 

1 2921  —  53494 

4 

2623  32 

I 

X 

8984-47092 

2464  19 

II 

8362  —48931 

8 

2626.  95 

II 

6344-44400 

10 

2465.  06 

11 

15084-55639 

3.  0 

2635*.  57 

I 

6573-44504 

T  T 

1 1 

16 

2467.  97 

0-40507 

18 

2637.  00 

I 

2357-40267 

1  24 

2469.  18 

13486-53973 

120 

2638.  71 

II 

0-37886 
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Hafnium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

120 

2641. 41 

IT 

8362-46209 

5 

2772  32 

II 

X  X 

1  4360  —  50420 

8 

2642*.  08 

2357-40194 

19 

2773.  02 

I 

2357-38408 

18 

2642.  75 

4568-42396 

110 

2773.36 

II 

6344-42391 

75 

2647.  29 

IT 

X  X 

8362-46125 

20 

2774.  02 

II 

X  X 

8362  —  44400 

5 

2649!  15 

II 

14360-52097 

6 

2775!  27 

II 

X  X 

11952-47973 

^  11 

2651.  16 

II 

17369-55077 

44 

2779  37 

I 

X 

2357  —  38325 

3  5 

2652  86 

II 

X  X 

41407-79090 

8 

2783  69 

I 

X 

6572—42485 

7 

2657,  50 

II 

15084-52703 

5 

2786  30 

II 

15254  —  51134 

X     t-  _>   1        _y  X  X  ^  1 

18 

2657.  84 

II 

X  X 

4905-42518 

11 

2789.  50 

II 

17389-53227 

24 

2661*  88 

II 

6344-43901 

16 

2789.  73 

II 

17711-53546 

XI    /  XX         ^  ^  \J 

2789  80 

II 

12071  -47904 

10 

2665.  97 

II 

X  X 

12921-50420 

10 

2668!  28 

5639-43105 

26 

2808.  00 

II 

4905-40507 

9 

2669.  00 

II 

3051-40507 

3.0 

2812. 32 

I 

10509-46056 

2671  25 

II 

X  X 

13486-50910 

X_yiWW  _/W/X\J 

26 

2813  86 

II 

X  X 

3051-38579 

2  5 

2676  63 

II 

X  X 

17711-55060 

19 

2814.  48 

II 

13486-49006 

2  0 

2677  58 

TI 

X  X 

6344  —  43681 

10 

2814.  76 

II 

X  X 

17711-53227 

Xf    fXX         ^  ^  Lm  C  t 

2.0 

2678.  43 

II 

17369-54693 

5 

2815.82 

I 

4 

2682.  19 

6573-43845 

5 

2816.  07 

II 

17830-53330 

2683  35 

TI 

X  X 

15084  —  52340 

26 

2817  68 

I 

8984-44464 

(J 

2685  22 

TI 

X  X 

17830  —  55060 

16 

2818.  94 

I 

X 

6572  —  42036 

2  n 

2686  36 

y 

6572  —  43786 

22 

2819.  74 

I 

0-35454 

2.0 

2688.  35 

I 

8984-46170 

140 

2820!  22 

II 

3051-38499 

8 

2696.  18 

2357-39435 

6 

2820.  42 

II 

13486-48931 

7 

2699  63 

55 

2822  68 

II 

6344-41761 

2705  61 

J 

0  —  36949 

9 

2829  32 

II 

X  X 

17369-52703 

1  2 

2706  73 

T  T 

X  X 

1  3486  —  50420 

20 

2833.  28 

I 

0-35284 

8 

2711.83 

8984-45848 

12 

2834!  13 

I 

8984-44258 

5 

2711. 99 

II 

17830-54693 

8 

2841. 49 

I 

5522-40704 

2  5 

2712  14 

IT 

X  X 

12071-48931 

46 

2845.  83 

I 

5639-40768 

24 

271 2  42 

IT 

X  X 

4905  —  41761 

30 

2849.  21 

II 

12071  -47158 

2713  84 

J 

2357-39194 

8 

2850.  15 

II 

12921-47996 

7 

2718.  51 

II 

14360-51134 

30 

2850.  96 

I 

5639-40704 

28 

2718.  59 

0-36773 

20 

2851. 21 

II 

6344-41407 

Q 

2726  70 

5639-42302 

6 

2857.  65 

II 

12921-47904 

n 

U 

2729  10 

2357  —  38988 

6 

2860  31 

II 

17389-52340 

2730  71 

C  1  ^  \J  »  /X 

y 

0-36610 

20 

2860  56 

I 

0-34948 

13 

2730. 85 

I 

4568-41175 

85 

2861. 01 

II 

0-34942 

4 

2732. 68 

II 

17389-53973 

85 

2861.  70 

II 

3645-38579 

» 

2737  83 

5522-42036 

240 

2866  37 

I 

0-34877 

80 

2738  76 

TT 

X  X 

4905-41407 

6 

2867.  70 

I 

8984-43845 

?743  A4 

5639  —  42076 

15 

2869  82 

II 

3051-37886 

4 

2746.  62 

I 

5639-42036 

3.0 

2873.  65 

I 

40 

2751. 81 

II 

8362-44691 

17 

2876.  33 

II 

15084-49841 

7 

2756  91 

TT 

X  X 

1 771 1  —  53973 

X//-1-X  _^-^//-/ 

5 

2877. 16 

I 

10509-45255 

P.  -J 

275R  31 

1  0533  —  46776 

6 

2879. 11 

II 

11952-46675 

1  0 

2758  78 

J 

0  —  36237 

6 

2885.  47 

II 

14360-49006 

50 

2761. 63 

I 

4568-40768 

24 

2887.  14 

I 

4568-39194 

7 

5639  —  41  R25 

11 

2887.  54 

I 

6572-41194 

18 

2766.  96 

5639-41769 

90 

2889.  62 

I 

0-34596 

6 

2770.  46 

II 

12921-49006 

7 

2892. 56 

I 
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Hafnium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

2.  0 

2894.  84 

I 

8984  —  43518 

80 

O  A  C  A      ~7  / 

3050. 76 

I 

P/OA  OA/IAA 

5639-38408 

200 

2898.  26 

I 

2357-36850 

9 

3054.  52 

II 

3645-36373 

15 

2898.  71 

II 

13486-47973 

5 

3055.  44 

II 

15254-47973 

140 

2904.  41 

I 

4568  —  38988 

120 

O  A  r"  ~7  AA 

3057.  02 

I 

/If~/A  0"7ATA 

4568-37270 

100 

2904.  75 

I 

2357  —  36773 

1  /I 

14 

3063. 78 

T 

I 

ncAA  oatpa 

5522-38152 

16 

2909.  91 

T  T 

II 

A        "5  /I  O  C  C 

0  —  34355 

14 

O  A  /   /I  /A 

3064.  68 

T  T 

II 

nAA"71  /i^/at 

12071 —44691 

220 

2916.  48 

I 

4568-38845 

95 

3067. 41 

I 

2357-34948 

3.  5 

2917.  49 

II 

17830-52097 

10 

3069.  18 

I 

10532-43105 

65 

2918.  58 

I 

AOP"7  OZ/TA 

2357  —  36610 

A  /I  A 

240 

o  m  A     A  A 

3072. 88 

I 

A         O  A  P  O  O 

0-32533 

36 

2919.  59 

II 

3645  —  37886 

19 

O  A  "7  /!      1  A 

3074.  10 

T 

I 

AOPT  OrtATT 

2357-34877 

20 

2924.  62 

T 

I 

cr~AA  omA/i 

5522  —  39704 

28 

O  A  "7  ^      ~7  A 

3074.  79 

T 

I 

rr/OA  OATPA 

5639-38152 

7 

2929.  01 

I 

6572-40704 

3.  0 

3075.  30 

I 

10509-43016 

55 

2929.  63 

II 

0-34124 

17 

3080.  66 

II 

17389-49841 

50 

2929. 90 

I 

A  A  O  /I  /lOTAC 

8984  —  43105 

48 

A  A  O  A     O  /I 

3080. 84 

I 

AOr""?  O/IAA/ 

2357  —  34806 

80 

2937.  80 

II 

AO/A  /lAOOT 

8362-42391 

10 

O  A  A  A      o  n 

3092. 24 

T  T 

II 

12071  -44400 

220 

2940. 77 

I 

A      o  o  ri  A  c 

0  —33995 

22 

o  n  n  /  "7/ 

3096.  76 

I 

4568  —  36850 

18 

2944.  71 

I 

0-33949 

38 

3101. 40 

II 

6344-38579 

6 

2947.  13 

II 

15084-49006 

80 

3109.  12 

II 

6344-38499 

140 

2950.  68 

I 

2357-36237 

14 

O  T  T  A      A  *7 

3110.  87 

T  T 

II 

T/IO/A  /I//1AP 

14360  —  46495 

3.  0 

2951.  90 

I 

10509  —  44375 

8 

3116.  95 

T  T 

II 

lCAA/1  /I~7TPA 

15084  —  47158 

120 

2954.  20 

I 

/irr/A  OA/iAA 

4568  —  38408 

1  /I 

14 

o  n  n  A    A  A 

3119.  98 

T 

I 

4568  —  36610 

60 

2958.  02 

I 

5639-39435 

5 

3126.  29 

II 

4905-36883 

7 

2960.  82 

II 

17369-51134 

10 

3128.  76 

I 

0-31952 

13 

2961.  80 

T  T 

II 

12921  —  46675 

8 

O  T  A  n  CO 

3129.  58 

I 

A        O  1  O  /I  /I 

0  —  31944 

160 

2964.  88 

I 

2357-36075 

A  A 

80 

O  T  O  T  AT 

3131.  81 

I 

tAPOO  /IA/lP/1 

10533  —  42454 

70 

2966.  93 

T 

I 

/C"~7A  /lAA/~7 

6572  —  40267 

5 

3133.  50 

T  T 

II 

41761  —  73665 

16 

2967.  23 

II 

11952-45643 

95 

3134. 72 

II 

3051-34942 

80 

2968.  81 

II 

4905-38579 

14 

3137.  51 

I 

10533-42396 

12 

2973. 37 

I 

/C~7A  /1AtA/1 

6572  —40194 

19 

3139.  65 

II 

/       A  A  OATO/ 

6344  —  38186 

T  Art 

100 

2975.  88 

T  T 

II 

4905  —  38499 

13 

O  1   /I  A     "7  / 

3140.  76 

T  T 

II 

nAA~71  /lOAAl 

12071  —  43901 

8 

2977.  60 

T  T 

II 

12921  —46495 

A  C 

25 

O  T  ^  r"  OA 

3145. 32 

T  T 

II 

A         O  T  -7  A  /I 

0  —  31784 

17 

2979.  28 

I 

5639-39194 

25 

3148. 41 

I 

6572-38325 

120 

2980. 81 

I 

0-33538 

13 

3151.  63 

I 

8984-40704 

24 

2982. 72 

I 

10533  —  44049 

4 

O  T   C  A      A  / 

3152.  96 

T 

I 

n   /lAAA  /IP"7AA 

14092—45799 

6 

2984.  05 

I 

AAA/1  /lA/lAr" 

8984  —  42485 

c  n 

50 

O  T  C  /       /  O 

3156. 63 

T 

I 

/irr/A  o/Ao~7 

4568  —  36237 

19 

3000.  10 

T  T 

II 

3051  —  36373 

30 

O  T  C  O  OA 

3159. 82 

I 

2357  —  33995 

90 

3005. 56 

I 

10533-43795 

80 

3162.  61 

II 

12071-43681 

9 

3011.  24 

II 

17711-50910 

5 

3163.  39 

I 

10509-42112 

120 

3012.  90 

T  T 

II 

0  —  33181 

10 

3165.  73 

I 

6573  —  38152 

60 

OAT/       ^  O 

3016.  78 

T 

I 

A         O  O  T  O  A 

0  —  33138 

C  A 

50 

O  T   /  A  OA 

3168.  39 

T 

I 

TAPAA  /lAA/A 

10509  —  42062 

120 

OAT/       O  /I 

3016.  94 

T  T 

II 

A        O  O  T  O  / 

0-33136 

T  A  A 

100 

o  n  "7  A      A  /I 

3172.  94 

I 

/IP/A  0/A~7P 

4568  —  36075 

3.  0 

3017.  37 

I 

6572-39704 

50 

3176.  86 

II 

4905-36373 

110 

3018.  31 

I 

0-33122 

5 

3178.  43 

I 

14542-45995 

130 

O  A  A  A      r~  o 

3020.  53 

T 

I 

Aor~"7  op/ir"^ 

2357  —  35454 

4 

O  1  *7A      /  1 

3179.  61 

T 

I 

9 

O  A  A  /I  /A 

3024.  60 

I 

8984  —  42036 

A  I~ 

25 

O  T  A  T  AT 

3181.  01 

T 

I 

PPAA  O/AflO 

5522  —  36949 

9 

O  A  A  /I       T  / 

3024.  76 

II 

n~70/A  HA/IAA 

17369  —  50420 

T  O 

13 

O  n   A  T  TP" 

3181. 15 

T 

I 

flP/A  OPAA/1 

4568  —  35994 

16 

3025.  29 

II 

8362-41407 

15 

3189.  62 

I 

0-31342 

46 

3031. 16 

II 

/lAAP'  OTAA/ 

4905-37886 

n  A 

40 

O  T  A  O        f~  O 

3193. 53 

T  T 

II 

OAPT  o^opp 

3051-34355 

12 

3046.  08 

II 

15084-47904 

75 

3194. 19 

II 

3645-34942 

9 

3049.  29 

I 

8984-41769 

7 

3195.  61 

II 

14360-45643 
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—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
dharartpy 

Wave- 

J.  ^  li.  ci  UX 1 

in  A 

Spec- 
trum 

Energy 

in  V 
111  x\. 
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HOLMIUM 


Ho,  Z=67,  M=  164.94,  Ratio  ^=2.596 
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Relative  intensity  of  holmium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  holmium 
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15 

2900. 84 

i; 
-J 

27R7  70 

5 

2902  19 

Cm     /  \J                   X  / 

5 

2791. 08 

II 

50  c 

2909.  41 

II 

5 

2793. 90 

II 

5 

2910.40 

II 

12 

2794.  41 

II 

6 

2914.  09 

II 

9 

2799.  99 

4 

2915. 12 

Q 
/ 

PROA  7? 

15 

X  ^ 

2915  82 

6 

2807. 31 

II 

26 

2919.  62 

II 

7 

2809. 09 

II 

5 

2921.  85 

II 

14  c 

2809. 99 

II 

6 

2922.  60 

II 

19 

2811.  36 

10 

2925.  35 

{{ 

16 

2812. 00 

II 

14 

2926.  09 

7 

o  n  T  /I      /I  yi 

2814.  44 

o 
O 

17 

2814.  74 

26  c 

2928.  30 

126 


Holmium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Energy 

"     ~  Levels 
trum 

m  K 

Intens  ity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

-J 

2936  ?4 

IT 

X  X 

11 

c 

3054.  87 

II 

8 

2940.  99 

I 

44 

c 

3057.  45 

II 

19 

2942.  05 

II 

6 

3060.  24 

II 

5 

?94?  59 

IT 

X  X 

10 

c 

3062. 53 

II 

26 

9Q44  49 

IT 

X  X 

7 

3063. 14 

II 

3  0 

?945  04 

IT 

X  X 

16 

3064.  19 

II 

5 

2945.  83 

II 

20 

3074. 30 

II 

6 

2952.  36 

II 

9 

3075.  53 

II 

5 

?952  73 

IT 

X  X 

7 

c 

3078. 41 

II 

22 

c 

2953  n 

IT 

X  X 

44 

c 

3082. 34 

II 

6 

2954  28 

IT 

X  X 

80 

3084  36 

II 

2954.  94 

II 

38 

c 

3086.  54 

II 

3  0 

2955.  27 

II 

20 

3102. 69 

II 

6 

2957  41 

II 

17 

3105. 18 

II 

6 

c 

29A4  40 

II 

±.  X 

22 

3108.  31 

II 

-J 

2972  43 

II 

17 

3108.  65 

II 

34 

2973.  00 

II 

22 

c 

3109.  91 

II 

5 

2975. 24 

II 

7 

3111.  85 

II 

36 

c 

2979  63 

II 

X  X 

7 

3114.  36 

II 

5 

pQon  64 

IT 

X  X 

85 

3118.  50 

II 

16 

2981  46 

IT 

X  X 

7 

3129.  21 

II 

7 

2984. 07 

II 

8 

3130.  77 

II 

12 

2985.  48 

II 

34 

c 

3130.  99 

II 

36 

2987  64 

IT 

X  X 

22 

c 

3134.  39 

II 

22 

2990  27 

IT 

X  X 

34 

c 

3144.  36 

II 

8 

c 

299?  71 

IT 

X  X 

8 

3146. 13 

II 

10 

2995.  86 

II 

17 

c 

3148.  85 

II 

8 

2998.  29 

II 

13 

3149. 94 

II 

6 

"^nno  A9 

IT 

7 

c 

3153. 04 

II 

4 

3005  29 

IT 

X  J. 

14 

3153.  82 

4 

3007  08 

y  \J\J  1  m  U  tJ 

IT 

X  X 

22 

3156. 18 

II 

28 

p 

3008.  10 

II 

30 

3156.  97 

II 

14 

3009.  48 

II 

13 

3157.  35 

5 

3012  07 

IT 

X  X 

13 

3158.  40 

II 

19 

3014  60 

II 

X  X 

22 

c 

3159.  67 

II 

10 

301 6  21 

IT 

X  X 

7 

3160.  47 

II 

4 

3017.  73 

II 

7 

3164.  06 

II 

A 

3018. 16 

II 

13 

3165.  69 

II 

14 

3023  14 

II 

X  X 

65 

c 

3166.  62 

II 

11 

c 

3024  38 

IT 

X  X 

18 

3167. 89 

II 

A 

p 

302A  1 3 

TT 
X  X 

44 

dl 

3171.  72 

II 

10 

3028. 18 

II 

9 

3172.  37 

II 

X  J. 

3033.  44 

II 

90 

3173.  78 

II 

15 

U  J?  J.  O  J 

TT 

X  X 

44 

3174.  84 

II 

24 

'^O'^R  A9 

TT 

X  X 

30 

c 

3176. 97 

II 

8 

■^044  40 

TT 

X  X 

90 

c 

3181. 50 

II 

6 

3046.  44 

II 

44 

3183.  84 

II 

42 

c 

3049  38 

IT 

X  X 

30 

cw 

3184.  48 

II 

14 

3050. 73 

II 

22 

3186.  37 

36 

c 

3054.  00 

II 

16 

3187.  39 

II 
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Holmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
,  ^  Levels 
trum 

in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
m  K 

18 

3191.  02 

JT 

13 

c 

3329. 02 

II 

8 

3195.  09 

II 

22 

3331. 93 

II 

16 

c 

3196. 07 

18 

3333. 16 

II 

7 

3196.  52 

n 

70 

c 

3337.  23 

II 

44 

c 

3197.  83 

TT 

44 

c 

3338  86 

II 

U2 

3201  00 

T 

18 

3340.  44 

II 

44 

3201.  76 

II 

9 

3342.  70 

II 

18 

3204.  28 

110 

c 

3343. 58 

II 

11 

3206.  17 

^\ 

22 

3344. 47 

II 

22 

3206  86 

II 

7 

3344.  79 

II 

30 

c 

3210. 41 

TT 

12 

3348.  61 

II 

13 

3211.  85 

II 

40 

3350.  49 

II 

9 

3213.  28 

36 

3352.  10 

II 

16 

3215.  36 

jj 

36  cw 

3353. 55 

II 

22 

c 

3221  42 

TT 

36 

3354.  58 

II 

9 

3224.  27 

J  J 

9 

3356.  98 

II 

7 

3230.  04 

II 

36 

3357.  91 

II 

9 

c 

3231. 67 

16 

3360. 87 

II 

36 

3233.  34 

13 

3363.  41 

II 

9 

3233. 87 

TT 

36 

3364.  27 

II 

22 

3236.  90 

TT 

9 

p 

3368.  36 

II 

22 

3237.  40 

II 

11 

3369.  89 

II 

7 

3240.  42 

32 

3370.  87 

II 

9 

3243.  00 

11 

J-  X 

3372. 43 

II 

9 

3247.  22 

JT 

26 

3374.  16 

II 

9 

3256.  28 

TT 

8 

3374.  36 

II 

22 

c 

3257. 45 

II 

9 

3380.  49 

II 

13 

c 

3258.  45 

9 

3386.  41 

9 

3262.  20 

18 

c 

3389.  56 

II 

8 

3263  66 

TT 

32 

c 

3390.  75 

II 

9 

3266  34 

TT 

18 

c 

3392. 05 

II 

10 

3267.  36 

II 

9 

3392.  47 

II 

9 

3277.  16 

36 

c 

3394. 60 

II 

44 

c 

3278.  15 

12 

3397. 33 

II 

30 

3279  25 

TT 

900 

c 

3398.  98 

II 

13 

3281  18 

TT 

12 

3400. 60 

II 

110 

c 

3281. 97 

II 

22 

3401.  59 

II 

16 

3283. 08 

14 

3402. 18 

II 

44 

3288  46 

13 

3406.  27 

II 

30 

c 

3290  96 

T  J 

22 

3408.  21 

II 

13 

c 

3297  06 

TT 

22 

c 

3409.  06 

II 

10 

3298.  12 

II 

90 

c 

3410.  26 

II 

14 

3301. 34 

44 

c 

3410.  65 

II 

22 

c 

3305  16 

32 

3411.  55 

II 

14 

3312  39 

JT 

17 

3412.  87 

II 

16 

3315  66 

II 

22 

c 

3414.  25 

II 

22 

3319. 87 

160 

c 

3414. 90 

II 

26 

3320  25 

600 

3416.46 

II 

9 

3321. 11 

9 

c 

3418. 19 

II 

12 

3323.  74 

13 

3418.  47 
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Holmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
in  A 

Suec-  Energy 
trum 

in  xSk. 

Intensity 

and 
Characte  r 

Wave- 

1  (3      rrl"  M 
X  C  li  Lli 

Spec- 
trum 

Ene  r  gy 

T     £3  T  7*  0  1  C 

J_j  C  V  C  X  0 

■in  K" 
XIl  x\. 

130 

3421.  63 

II 

46U 

c 

3515. 59 

II 

32 

3424. 11 

I 

c 

3519.  94 

II 

220 

c 

3425.  34 

II 

c 

3520.  16 

II 

26 

3426.  76 

II 

17 

3532. 76 

I 

220 

c 

3428.  13 

II 

24 

3538.  89 

T  T 

II 

70 

c 

3429. 18 

II 

n  /I 
14 

c 

3539.  35 

36 

c 

3432. 10 

II 

3540.  76 

II 

16 

3434. 76 

II 

3541. 41 

I 

16 

3435.  61 

II 

180 

3546.  05 

T  T 

II 

18 

3436.  31 

II 

18 

3548.  53 

32 

3437.  04 

I 

Q 

7 

c 

3550.  60 

14 

c 

3437. 91 

II 

ion 

c 

3556.  78 

II 

7 

c 

3438.  35 

II 

Q 

7 

c 

3558.  15 

18 

3445. 66 

8 

3559. 03 

14 

c 

3449.  01 

II 

46 

3560.  15 

T  T 

II 

44 

3449.  35 

I 

io 

c 

3563. 45 

16 

3451. 23 

I 

LC 

3567.  32 

360 

3453.  14 

II 

1  0 

io 

3568.  79 

12 

c 

3453. 85 

II 

32 

0  r"  "7  A     /I  /I 

3570.  44 

90 

c 

3455.  70 

II 

46 

c 

3573.  24 

T  T 

II 

1800 

c 

3456.  00 

II 

A 

3574. 20 

16 

3461. 36 

II 

/  U 

c 

3574.  80 

II 

180 

3461.  97 

II 

on 

3579. 12 

I 

40 

c 

3467.  07 

II 

46 

3580. 75 

T  T 

II 

9 

3468. 13 

I 

46 

3581. 83 

T  T 

II 

16 

3469.  40 

II 

n 

c 

3582.  80 

14 

c 

3470.  76 

II 

0  0 
LQ 

cw 

3589.  77 

26 

c 

3472!  31 

II 

-\  -7 
i  / 

3591.  23 

II 

90 

c 

3473.  91 

II 

70 

c 

0  r~  A  A  AO 

3592.  23 

T  T 

II 

600 

c 

3474. 26 

II 

19 

c 

0  r"  A  0  AT 

3593.  07 

T  T 

II 

22 

3477.  75 

II 

l^L) 

cw 

3598.  77 

X  T 

II 

22 

c 

3478.  06 

II 

3o 

3599.  48 

I 

9 

3483. 89 

II 

6(J 

c 

3600. 95 

II 

700 

3484.  84 

II 

14 

c 

0  /  A  A     /  r" 

3602. 65 

T  T 

II 

22 

c 

3485.  87 

II 

14 

0  /  A  r"      ~7  "7 

3605.  77 

I 

18 

c 

3486.  34 

II 

3o 

3613. 31 

T  T 

II 

55 

3489. 58 

II 

12 

c 

3616.  93 

II 

32 

c 

3490.*  95 

II 

0 
0 

3618.  08 

II 

7 

3492.  11 

I 

46 

0  /  T    A        /I  0 

3618.  43 

I 

65 

c 

3493.  09 

II 

22 

3619. 41 

T  T 

II 

9 

3493.  60 

I 

cl 

0  /  A  0     r"  0 

3623. 59 

T 

I 

280 

c 

3494.  76 

II 

c 

3625.  46 

II 

9 

3497*.  65 

II 

A  0 

c 

3626.  69 

II 

90 

c 

3498.  88 

II 

55 

3627. 25 

T  T 

II 

8 

3505. 43 

II 

cc. 

0  /  0  A  on 

3630.  91 

T 

I 

46 

c 

3506.  95 

II 

48 

c 

3631.  76 

T  T 

II 

36 

3509.  37 

II 

12 

3632.  95 

II 

14 

3507.  99 

I 

14 

c 

3634.  6  / 

1 1 

90 

3510.  73 

I 

9 

c 

3635.  35 

II 

18 

3511.  76 

II 

48 

c 

3638.  30 

II 
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Holmium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 

Tjevels 

trum 

in  x\. 

Intensity 

and 
Character 

Wave- 

1     T~i  rTl"Vi 

in  A 

Spec- 
trum 

Energy 
in  XV 

14 

c 

3640.  17 

T  T 

II 

3732. 59 

I 

O  /I 

3641.  25 

I 

3734. 99 

c 

3642.  36 

II 

0  n 

3736.  35 

I 

10 

c 

3649.  60 

II 

20 

3737.  65 

II 

24 

3654.  45 

II 

22 

3742.  40 

I 

■td. 

c 

3658.  48 

I 

cw 

3748.  17 

T  T 

II 

loU 

c 

3662.  29 

I 

c 

3748.  78 

II 

4o 

3662.  99 

I 

iU 

3750. 19 

II 

80 

3666.  65 

I 

11 

c 

3752. 07 

II 

14 

3667.  05 

II 

15 

c 

3753.  01 

T  T 

II 

loU 

3667.  97 

T 

I 

1^ 

JO 

c 

3753.  73 

T  T 

II 

3d 

3669. 05 

II 

1  Q 

io 

3754.  45 

I 

bU 

3669.  52 

I 

in 

c 

3757.  26 

II 

10 

3670.  28 

T  T 

II 

10 

3760.  48 

I 

8 

3672. 69 

I 

38 

■o  ~T  /  n  Art 

3769. 09 

T 

I 

io 

c 

3674.  36 

II 

0  Q 

0  "7  "7  0       /I  rt 

3772.  40 

T 

I 

c 

3674.  77 

II 

1  0 

l/L 

3773. 83 

I 

cw 

3677.  64 

II 

OA 

3774.  58 

I 

24 

3678.  59 

II 

20 

0  "7  "7  /I  OA 

3774. 90 

T 

I 

80 

3679.  19 

I 

15 

0  "7  "7  r~     0  "7 

3775.  37 

T 

I 

75 

3679.  70 

I 

0  Q 
CO 

3776.  15 

T 

I 

lo 

c 

3680.  00 

II 

15 

nc 

3778.  00 

I 

o  n 
oU 

3682. 65 

I 

3780.  37 

II 

48 

3685.  16 

II 

12 

c 

0  ~7  n  A    rt  rt 

3780.  99 

II 

16 

c 

3686.  65 

II 

12 

3782. 65 

II 

65 

3690.  65 

I 

3785. 23 

II 

26 

c 

3691. 32 

II 

JO 

3788.  08 

II 

38 

3691. 95 

I 

3788.  44 

II 

15 

3694.  66 

30 

0  ~7  m      A  A 

3791. 00 

II 

12 

3695.  69 

I 

24 

3791. 55 

/I  / 

46 

3700. 04 

I 

3791.  97 

14 

3701. 27 

I 

10 
JC 

3792. 95 

15 

3701. 78 

II 

3794.  69 

I 

55 

c 

3702. 35 

II 

1000 

c 

0  ~7  rt  /       ~7  C 

3796.  75 

T 

I 

9 

3704.  54 

II 

22 

0  ~7  rt  ~7      0  / 

3797. 26 

I 

11 

3706.  90 

II 

0  /I 

0  ~7  rt  0  OP 

3798.  25 

II 

28 

3709. 27 

1 0 

J£. 

c 

3801.  28 

II 

36 

3709.  76 

I 

0  Q 
CO 

3804.  15 

18 

c 

3710.  74 

II 

12 

0  0  A  "7    n  A 

3807.  90 

18 

3711. 31 

II 

15 

'3  0 n n  /in 
3809. 49 

T  T 
11 

48 

3712. 88 

I 

Lc 

c 

3809. 93 

T  T 
11 

30 

3718.  62 

I 

iUUU 

c 

3810. 73 

I 

50 

3720. 72 

DO 

3811.  86 

I 

20 

c 

3721. 32 

II 

100 

c 

3ol3.  ifb 

T  T 
1  1 

1 0 

c 

3721. 80 

II 

20 

0  0 1  0  /in 
3818.  69 

T  T 
11 

30 

3724.  45 

34 

Joel.  1 J 

T  T 
1  1 

8 

3725.  05 

I 

24 

3825.  64 

20 

c 

0-70  c;    Q  0 

T  T 

44 

J 

120 

3731.  40 

I 

36 

cw 

3831.  9 

II  > 

40 

3732.  09 

I 

46 

c 

3835.  35 

II 
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Holmium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
trum  „ 
m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
in  K 

140 

cw 

3837.  51 

II 

13 

3957.  39 

I 

24 

3838.  36 

II 

26 

c 

3959.  51 

II 

46 

c 

3842. 05 

II 

55 

3959.  68 

I 

120 

3843.  86 

II 

13 

3963. 29 

II 

55 

c 

3846.  73 

II 

13 

3967. 33 

I 

34 

3849.  88 

11 

3972.  64 

II 

26 

h 

3851. 54 

10 

3973. 83 

II 

36 

3852. 40 

II 

12 

3974.  55 

I 

200 

c 

3854.  07 

II 

24 

3975.  88 

I 

44 

cw 

3856.  94 

II 

44 

c 

3976.  93 

I 

80 

3857.  72 

II 

19 

3976. 97 

II 

28 

3859. 34 

15 

3982. 04 

II 

300 

c 

3861.  68 

II 

24 

cw 

3985.  71 

II 

60 

3862. 62 

I 

18 

3992.  72 

I 

12 

3864.  91 

24 

3993.  73 

II 

40 

3872. 05 

9 

3997.  18 

II 

36 

c 

3874.  09 

II 

15 

3998.  29 

I 

70 

3874.  68 

II 

42 

3999,  58 

I 

28 

3879.  59 

9 

c 

4001.  32 

II 

60 

3881. 61 

18 

cw 

4002. 59 

II 

340 

c 

3888.  96 

II 

24 

4003.  39 

I 

55 

3890.  42 

I 

12 

4013. 50 

I 

1500 

c 

3891. 02 

II 

36 

4014.  20 

II 

32 

c 

3893. 08 

II 

18 

c 

4018.  09 

II 

11 

3893.  52 

II 

18 

c 

4022.  lb 

II 

60 

3896.  76 

II 

18 

c 

4023.  94 

II 

30 

c 

3897.  27 

II 

12 

4025.  39 

I 

14 

3899. 64 

II 

36 

4027.  21 

I 

14 

3900.  79 

I 

30 

4028.  86 

I 

32 

3902. 23 

II 

20 

c 

4031.  80 

I 

36 

3904. 44 

I 

^  A 

24 

4037.  62 

I 

140 

cw 

3905.  68 

II 

O  A 

24 

c 

4038.  87 

II 

11 

3909. 56 

I 

300 

4040. 81 

I 

13 

3910.  30 

I 

600 

c 

4045.  44 

II 

36 

3911.  80 

I 

24 

c 

4047. 52 

12 

3912. 44 

II 

900 

4053.  93 

I 

36 

3919. 45 

I 

60 

4054.  48 

II 

11 

c 

3923. 28 

II 

30 

4057.  55 

I 

11 

3924.  55 

II 

24 

4060.  31 

I 

11 

3925.  64 

II 

190 

4065. 09 

II 

14 

ch 

3929. 93 

II 

19 

4067.  57 

I 

36 

c 

3936.  44 

II 

80 

4068.  05 

I 

24 

3938.  85 

I 

30 

4071.  83 

36 

cw 

3940.  53 

II 

30 

4073. 13 

3942.  54 

I 

i£. 

4073. 51 

I 

11 

3949.  00 

I 

13 

c 

4080. 23 

II 

24 

3950.  56 

I 

26 

4083.  67 

I 

10 

3951. 14 

I 

16 

4085. 09 

I 

10 

c 

3955. 05 

II 

19 

4087. 35 

I 

65 

3955.  73 

I 

22 

4087. 59 

I 
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Holmium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
,  Levels 
trum  . 

m  K 

Intensity 

and 
Charactei 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

i-  u 

4091  A4 

10 

4315.  03 

J  J 

4094.  78 

I 

28 

4330.  64 

II 

C  \J 

4100. 22 

9 

c 

4332. 55 

10 

41  m  09 

n  X  U  X  .  u  / 

J 

34 

4337.  13 

1000 

4103  R4 

11  cw 

4346.  84 

J  J 

41  fTi  04 

nx  VJ  J.  u  n 

140 

4350. 73 

J 

J  u 

4106.  50 

I 

32 

4356.  73 

II 

1 1 

±  X 

4107.  36 

16 

4363.  93 

320 

4108  A? 

H  X  U  O.  O  ^ 

8 

4371.  43 

34 

41  1 9  00 

HX  X  ^.  VJU 

8 

4373.  33 

J 

1 1 

X  X 

411?  17 

H  X  X  t..   /  ^ 

9 

4376.  58 

II 

J  u 

4116.73 

I 

19 

4379.  14 

II 

1  n 

X  u 

4118.  94 

10 

4379.  83 

\\ 

170 

41 90  90 

HX  ^  U.  C\J 

20 

c 

4384.  83 

140 

41  9^ 

8 

c 

4388.  69 

J  J 

t  o  u 

41 97  1  A 

HX  <1  /  •  X  O 

8 

h 

4394. 98 

J 

4134.  54 

I 

17 

4400. 55 

II 

4135.  08 

13 

4401.  24 

^\ 

170 

413A  99 

HX    D.  1. 1. 

20 

4403.  27 

14 

41  34 

22 

4420.  56 

II 

41 49   1 Q 

6 

4426.  20 

II 

4148. 97 

I 

9 

4429.  81 

II 

J_  -L  U 

\^  w 

4152. 61 

II 

8 

4434.  96 

900 

41  A3  03 

14 

4444.  63 

18 

41 79  93 

8 

4445. 07 

II 

o  u 

4173  93 

9 

4447.  23 

J  J 

u  u 

4194.  35 

I 

7 

4463.  40 

II 

J.  X 

4198.  08 

8 

4467.  28 

\ 

14 

4903  91 

J 

8 

4470. 23 

7 

4903  3Q 

TT 

±  1. 

11 

4473.  59 

II 

X  X 

4911  30 
H t X X.  ^ U 

TT 

JL  X 

34 

4477.  64 

II 

1  n 

X  U 

4219. 10 

13 

4484.  57 

II 

J  c 

4222.  29 

16 

4510. 82 

32 

4993  47 

10 

4512.  55 

220 

4997  04 

11 

c 

4526.  14 

J  J 

HH 

499Q  S9 

TT 

X  X 

19 

4530.  08 

II 

XH 

11 

4231. 24 

19 

c 

4531. 28 

JC- 

4243.  78 

15 

c 

4531. 65 

10 

&0 40 

T  T 

JL  X 

19 

4534,  58 

140 

cw 

A9c;Zl  4"^ 

7 

4543.  80 

In 

49RR  A1 
-J 0.  OX 

T  T 

X  X 

10 

4548. 94 

II 

!3_) 

4264.  05 

5 

4558.  41 

II 

34 

4266.  04 

22 

4562. 52 

11 

He.  1  J,  OP 

T  T 
1 1 

7 

c 

4567. 82 

II 

9 

49R4  c;R 

T  T 

X  X 

6 

4572. 42 

II 

10 

4290  18 

II 

10 

c 

4578.  07 

I 

10 

c 

4298.  47 

II 

8 

4589.  70 

10 

4299.  15 

10 

c 

4608.  00 

I 

10 

4301. 09 

II 

5 

4608.  67 

II 

22 

4311. 04 
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Holmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
trum  . 

m  K 

Intens  ity 

and 
Characte: 

r 

Wave- 
length 
in  A 

Spec- 
trunn 

Energy 
Levels 
m  K 

ij 

cw 

4DU7,  DC. 

T  T 

A 
0 

C 

47^4.  £37 

T 
1 

4609.  52 

II 

32 

4939. 01 

I 

4613.  37 

T 

X 

3.0 

C 

4946.  80 

I 

5 

T  T 

c 

47HCS.  10 

T  T 
1  1 

11 

T 
I 

7 

c 

/iqc;q  A9 

T  T 
1  1 

L  X 

T 

1 

4 

AQA1  (Tl 
4701. 

TT 
11 

JC 

4629.  10 

II 

6  cw 

4966.  73 

II 

u 

u 

4632.  84 

I 

9R 

c 

4967. 21 

II 

5 

c 

Ht)^CS.  i7 

T  T 
11 

OH 

/1Q7Q  Q7 
47/7,  7  / 

T 
1 

T  T 
1 1 

A 
H 

APRS  QA 
4700.  70 

T 
1 

Q 
O 

tOH  /,  ID 

T  T 
1  1 

10 

4779.  U9 

T 

1 

\^ 

4649. 77 

II 

4 

c 

5012.  42 

I 

c; 

4651.  39 

A 
0 

5013.  28 

II 

4 

A(^^0  71 
HDj^.  /  i 

T  T 
1 1 

7 

T 
1 

15 

c 

40D1. 

T  T 
1 1 

c;n9R  1  7 

iJUiiO.  1  / 

T 
1 

J-  D 

AUl  A  A"? 
HO  /  H.  Oil 

6 

DU^^.  7D 

A 
O 

4683.  08 

I 

7 

c 

5037.  60 

I 

A 
O 

4685. 83 

II 

1 4 

5042.  37 

I 

5 

tuOO,  17 

T  T 
1 1 

A 

i;nA2i  7"^ 

jU44,  Ij 

T 
1 

8 

Zl7m    1  7 
4 / Ul.  i  / 

T  T 
1 1 

^.  -> 

DUDl.  44 

T  T 
1  1 

Q 
/ 

Zl7m  AQ 
H  /  Ul.  07 

T  T 

1 1 

3.  5 

c;nc;A  Q9 

DUD4.  7^1 

T  T 
1  1 

1  H 

L  H 

4709.  84 

II 

4 

c 

5060. 75 

I 

y 

4711.  39 

I 

7 
1 

5074.  34 

I 

15 

c 

/I  71  7  c:"? 

T 
1 

Q 

7 

c^nQ"^  07 
D\J7J,  u  / 

T 
1 

4 

c 

/170B  79 

T  T 
1 1 

1  A 

lb 

m  97  ST 

Die  1 .  01 

T 

1 

/I 

H 

n  /  ^o.  UU 

T  T 
1 1 

6 

t;i  OQ  97 

T  T 
11 

J  c. 

4742.  04 

II 

15 

5142.  59 

A 
H 

4749.  09 

II 

1  9 

5143.  22 

4 

A  7c:t    /I  n 
4  /  3l.  4U 

T 
1 

10 

9147,  97 

11 

C 

/I  7  n  7  ni 
^ 1 D 1 ,  Ul 

T 
1 

lU 

c 

m  A7  Bfl 
91u  /.  00 

T 
1 

A 

A~I  UO  'XQ 
H  /  Oil.  ^7 

T  T 
1  1 

14 

c 

c;i  B9   1  1 
910/1.  11 

T 

1 

4763.  57 

II 

6 

5187.  85 

I 

D 

4777. 48 

II 

1  u 

5190.  11 

3.5 

/I  7TQ    /I  0 

T 
I 

9  n 

9179.  ^19 

T 
1 

8 

C 

/I  7D1     1  Q 
H  /  Ol.  1  7 

T 
1 

c 
D 

c;99i  i;a 

D^cL.  94 

7 

/17Q9  Q9 

T 
1 

4 

c 

c;9AA  A7 
9^:44.  4  / 

T 
1 

o 

4786.  29 

I 

7 

5251. 82 

I 

A 

4791. 48 

II 

6 

5275.  48 

I 

4 

/17QC;  Q9 
t  /  7D.  7il 

T  T 
11 

10 

ci'^m  9c; 

99U 1.  ic9 

T 
1 

5 

h 

/17QQ  P7 
4/70.  Ci  / 

T 
1 

4 

■^l  Q  9A 
9917,  ^14 

T 

1 

/I  Ql  9  Q9 

T  T 
1  1 

4 

Q  At; 

9917,  D9 

T 
1 

D 

4832.  31 

II 

9 

5330.  11 

I 

J,  O 

4833.  32 

I 

10 

5359.  99 

3.5 

HODS.  54 

T  T 
1  1 

6 

c-jon  An 
9901.  4U 

T 
1 

A  QAD  Q 
4c5bU.  ^7 

T 
1 

3.5 

t^'^BA  c;a 
9904.  90 

T 
1 

3.0 

c 

/IQQQ  A7 

T  T 
1  1 

3.5 

t;'^SA  07 
9904.  7  / 

T 
1 

3.  5 

4892. 35 

I 

2.0 

h 

5393. 85 

I 

4 

/IDQA  /l/l 
'+O7D.  HH 

T  T 
1  1 

8 

'^An'^  1  7 

94U9.  1  / 

T 
1 

6 

4906.  99 

II 

11 

5407.  08 

I 

5 

4922. 73 

I 

1.6 

5413.  62 

II 

609065  O  -  62  -  10 
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Holmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
^  Levels 
trum 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 

trum 

m  K 

15434  39 

IT 

X  X 

8 

5921. 76 

2.  0 

5435.  87 

3  5 

5933! 71 

I 

3.5 

5445.  39 

8 

cw 

5948.  03 

J 

5449  8 

TT 

X  X 

5 

5955.  98 

3  S  h 

5451  9 

8 

5972*.  76 

T 

5454  0 

10 

5973. 52 

T 

3. 5  c 

5498.  57 

I 

2  5 

598l! 43 

I 

3.5 

5504. 51 

26 

p 

5982. 90 

551  5  56 

TT 

X  X 

6 

6002  04 

5516  45 

IT 

X  X 

3.  0 

6005  33 

T 

J 

4 

6021.  43 

T 

3.0 

5553. 14 

I 

1  8 

6038*.  97 

I 

4  c 

5560.  94 

3  0 

6050. 71 

4  h 

55A3  6 

TToO 

5 

6060  31 

Q 
o 

13 

6081  79 

T 

■5573  96 

11 

8 

6133  60 

J 

4  bl 

5584.  7 

HoO 

4 

6156.  38 

I 

6  b 

5591. 1 

HoO 

3  0 

6156.  58 

A  hi 

6 

6191  68 

^An7  1 

TToO 

8 

6208  65 

T 

I 

2.  0 

6234. 17 

T 

5  b 

5626.4 

HoO 

5 

c 

6255.  75 

I 

7 

5627.  60 

I 

8 

c 

6305.  36 

j»  -J 

5628  24 

II 

X  X 

2.  5 

6306.  68 

u 

o 

5640  62 

3.  5 

6321. 94 

5A55  9 

HoO 

3.  5 

c 

6354.  35 

J 

7  b 

5658.9 

HoO 

3.  5 

c 

6372. 59 

I 

16 

5659.  58 

1.  6 

h 

6373. 86 

\ 

5671  84 

2.  5 

h 

6413. 41 

7 

5A74  70 

3.  0 

c 

6471. 77 

J 

RA91  47 

1.  4 

6479. 17 

J 

8  bs 

5696.  3 

HoO 

1.  2 

6515.  30 

I 

16  c 

5696.  57 

1.  2 

h 

6538. 99 

J.  u 

R734  02 

J 

8 

6550. 97 

c; 

\j 

^73A  4 

HoO 

1.  6 

6560.  08 

J 

o 

c;73Q  ?4 

3  5 

d 

6600. 58 

J 

2.5 

5749.  58 

I 

28 

6604. 94 

I 

3.  5 

5766. 64 

6 

6607.  47 

\ 

n  h 
^.  u  o 

_J  ou  0 

HoD 

1.4 

6628.  35 

3  U 

^81  9  2 

HoO 

13 

6628.  99 

J 

n  h 

"5821  9(1 

^ 0 ^ X.  / u 

J 

1  6 

6632. 24 

J 

2.  5 

5839.  47 

I 

1  0 

h 

6652. 98 

I 

5  b 

5849.  4 

HoO 

1  6 

6662.  52 

\ 

XO  C 

R8An  28 
;j 0 u vj.  t. 0 

2.  0 

c 

6680. 46 

RaA4  42 

J 

2  5 

6681. 62 

J 

DO  1  U.  0_J 

J 

1.  6 

h 

6682. 02 

3. 0  b 

5879. 6 

HoO 

6 

cw 

6694.  32 

o  c 

1.6 

cw 

6722. 34 

4  c 

5892.  56 

4 

6745. 05 

2.  5 

5904.  29 

1.  4 

6766.  74 
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Holmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

trum  . 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  rgy 
Levels 
m  K 

3.  0 

c 

68 

1  o 
1.  o 

6 

c 

6785. 43 

J 

^1.  5 

7591. 87 

I 

1.  4 

6793.7 

I 

n  Q 

U.  7 

n 

7593.  64 

I 

1.  4 

cw 

6811.  04 

0.7 

h 

-JC.QA  ICi 
JO 

1.6 

cw 

6820.  38 

1.2 

-7 /. no  n 

T  T 
1  1 

2.  5 

/oil  /A 

6821. 64 

i.  D 

1  bUD.  JO 

1.  8 

c 

6825. 72 

{ 

1.  ^ 

7617.  05 

I 

0.  8 

h 

6826.  62 

1  /I 

i.  4 

7627. 98 

0.  8 

h 

6852. 97 

4 

c 

ii^oa  AO 

1  OCO.  HtL 

1.8 

cw 

6865.  85 

0.9 

c 

~ILA'\     1  A 

1  b4i. 

1.  0 

6883,  36 

n  /I 

U.  H 

/ bHo. lb 

1.  4 

6888.50 

\ 

i.  ^ 

c 

7653.  80 

I 

1.  6 

c 

6892. 96 

I 

i.  ^ 

c 

7667.  30 

1.  8 

6897. 95 

2.  0 

~i uon  A'x 
1  b vU.  H J 

1.6 

h 

6903.  80 

5 

c 

lO^J.  i-3 

1.  6 

cw 

6913.  47 

cw 

1  1 IJ,  uo 

1.  0 

6916.  70 

i.  b 

7719. 05 

I 

4 

cw 

6939.  49 

I 

i.  D 

n 

7738.  98 

I 

5 

cw 

6950.  39 

0.  8 

c 

77^0  m 

1.4 

hi 

6955.  3 

6 

cw 

/Oiji.  HC5 

2.  0 

6976.  7 

T  T 

II 

A 

cw 

lOtij,  OJ 

1.  0 

6985.  11 

U.  o 

n 

7879. 22 

J 

0.  9 

6994. 38 

b 

7894. 64 

1.  4 

h 

7000.  71 

1.  0 

h 

Q/lA/l  AA 

o4b^.  bb 

1.0 

7079.  07 

1.0 

h 

o'^oc.,  b  / 

1.  2 

7098.  58 

c 
D 

Qc;i  O  OA 

0.  9 

7242. 08 

I 

9  n 

C.  U 

8545.  61 

II 

0.9 

7250.  60 

I 

1.  8 

8601. 84 

II 

1.4 

7308.  55 

4 

ob  /  U.  1 V 

2.5 

7341. 43 

0.  8 

h 

QAQ7  "XO 
db7  /.  JC 

1.  8 

7389.  40 

1.  6 

h 

8805.  48 

II 

0.5 

h 

7496.  20 

2.  0 

c 

8834. 49 

I 

1.  0 

h 

7510.  74 

I 

9 

8915.  98 

II 

14 

7555.  09 

I 
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INDIUM 


In,  Z=49,  M=  114.82,  Ratio  ^=1.807 

Cu 

In  I  Normal  state  of  valence  electrons  5s^5pi  ^Pq^^O.  I.P.=  46670  K 
In  II  Normal  state  of  valence  electrons  5s^      ^Sq  =0.    I. P. =  152195  K 

References 

Wavelengths  and  Classification: 

In  I,   F.  Paschen,  Ann.  der  Physik  32,  148  (1938). 

In  II,  F.  Paschen  and  J.  S.  Campbell,  Ann.  der  Physik  31,  29  (1938). 

Intensities: 

Y.  I.  Ostrovskii  and  N.  P.  Penkin,  Optika  i  Spektroskopiya  4,  719  (1958). 
S.  Ch'en  and  A.  Smith,  Physica  35,  1289  (1959). 


Relative  intensity  of  indium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  indium 


Strong  lines  of  indium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

1800 

4511.  31 

I 

2213-24373 

5s25pi  2P;k— 5s26s'  2SoH 

1700 

4101.  76 

I 

0-24373 

5s25pl  2pOj^_5s26sl  2Soj^ 

1300 

3256.  09 

I 

2213-32916 

800 

3039.  36 

I 

0-32892 

5s25pi  2P5^_5s25di  2Djj^ 

Indium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Charactei 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

3.  5 

2306.  06 

II 

0-43349 

18 

c 

2836.  92 

2213-37452 

2.  0 

2389. 54 

0-41836 

3.0 

c 

2858.  14 

0-34978 

6 

2460.  08 

0-40637 

110 

2932. 63 

2213-36302 

3. 0  h 

2468.  02 

2213-42718 

2.0 

c 

2957.  01 

2213-36020 

10 

2521.  37 

2213-41862 

800 

3039.  36 

0-32892 

110 

2560.  15 

0-39048 

1300 

3256.  09 

2213-32916 

20 

2601.  76 

2213-40637 

300 

3258.  56 

2213-32892 

160 

2710.  26 

2213-39098 

1700 

4104.  76 

0-24373 

30 

2713.  94 

2213-39048 

1800 

4511. 31 

2213-24373 

70 

2753.  88 

0-36302 

0.  8 

h 

6847.  44 

24373-38972 

4 

2775. 37 

I 

0-36020 

0.4 

h 

6900. 13 

I 

24373-38861 
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IRIDIUM 


Ir,  Z=77,  M=  192.2,  Ratio  7^^  =  3.025 


In  Normal  state  of  valence  electrons  5d''Qs'^  ^Fiy=0.    I.P.  =  75000  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Ir  I,  W.  Albertson,  Phys.  Rev.  54,  183  (1938);  T.  A.  M.  van  Kleef,  Physica  33,  843  (1957). 
Ir  II,  (spectrum  assignment  only)  T.  A.  M.  van  Kleef,  unpublished  material  (1959). 


Relative  intensity  of  iridium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  iridium 


Strong  lines  of  iridium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 

k 

Term  combination 

500 

3220. 

78 

2835-33874 

5dms^  b  *F4H— 5rf'6si6p' 

z 

380 

2543. 

97 

2835-42132 

5d^6s'  b  *Fiy—5d»  6p' 

340 

3133. 

32 

6324-38230 

Bd^&s^  a  «F3H— 5rf76si6pi 

320 

2924. 

79 

0-34180 

5d76s2  a  5d'6s'6pi 

z 

320 

3513. 

64 

0-28452 

5d'6s2  a  <F4K— 5rf'6si6p' 

z 

320 

3800. 

12 

0-26308 

5dms^  a  *Fiyi—5d''Qs'6p'- 

z 

^DIk 

280 

2849. 

72 

0-35081 

5d^Gs^  a  *Fm—5d^&s'Qp' 

z 

220 

2694. 

23 

2835-39940 

5d«&s'  b  <F4H— 5rf66s26pi 

"FIh 

200 

2502. 

98 

0-39940 

5d'6s2  a  *Fiy—5d»Qs^6p' 

"FIh 

200 

2664. 

79 

0-37515 

5d'6s2  a  *Fty—5d^6s'6p' 

z 

200 

2943. 

15 

6324-40291 

5d'6si  a  ^FsH— 5d76si6pi 

^F§H 

170 

2639. 

71 

0-37872 

5d76s2  a  4F4v^— 5d'6si6pi 

z 

160 

2475. 

12 

0-40390 

5d76s2  a  4F4H— 5d66s26pi 

'F|h 

160 

3068. 

89 

2835-35411 

5d86si  b  'Fiy—5d^&s'6p' 

z 

"GlH 

130 

2661. 

98 

2835-40390 

5d»&s^  b  *F4H— 5d«6s26jo' 

'Fly, 

120 

2797. 

70 

2835-38568 

5d86si  b  <F4K— 5d'6s'6p' 

120 

3573. 

72 

7107-35081 

5d86si  b  ^FsH— 5rf'6si6p' 

z 

'Gin 

100 

2481. 

18 

0-40291 

5d76s2  a  *F4K— 5rf'6s'6pi 
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Iridium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Levels 
in  K 

jj.  j-ir  ^  J.10  J.  L  y 

and 
Char  acte  r 

VV  d  V  c  ~ 

length 
in  A 

Spec- 
trum 

X-jiie  r  g  y 
Levels 
in  K 

3,  5 

2U10. 65 

0  —49719 

26 

2304.  22 

2835-46220 

3.  5 

cUZ^.  35 

J 

2835  —  52266 

4 

2305.  47 

5785-49146 

7 

2033.  57 

0-49159 

2.0 

2307.  27 

I 

7107-50434 

3.5 

2052.  22 

I 

6324-55036 

9 

2308.  93 

I 

6324-49621 

3.  0 

2060. 64 

7107  — bD6l7 

5 

2315.  38 

0-43176 

3.  0 

2083.  22 

5785  —  53772 

5 

O  O  O  T  AC 

2321. 45 

7107-50170 

2.  5 

n  o  c  "7/1 
2Uo5. 74 

J 

"Tin"? 

110  /  —  55036 

5 

O  O  O 1  CO 

2321. 58 

2835  —  45896 

13 

2088.  82 

0-47858 

2.5 

2327. 98 

{ 

12218-55161 

13 

2092.  63 

I 

2835-50606 

7 

2333.  30 

I 

5785-48629 

3.  0 

2112.  DO 

6324  —  53642 

10 

O  O  O  O  OA 

2333.  84 

6324  —  49159 

2.  0 

2119.  54 

U  —  47165 

o 
o 

2334. 50 

6324  —  49146 

2.  5 

OTIC    yi  >i 

2125.  44 

7107  —  54141 

24 

o  o  yi  o  no 

2343.  18 

CTOc  yio/iyifi 

5785  —  48449 

6 

2126.  81 

II 

11 

2343. 61 

J 

5785-48441 

2.5 

2127. 52 

I 

2835-49824 

1.8 

2352. 62 

I 

12218-54711 

6 

o  1  o  "7    n  A 

2121 .  94 

0  —46979 

10 

2355.  00 

AO~7n        C  A  O  A  ~7 

9878  —  52327 

6 

o  T  yi  o    o  o 

2148.  22 

7107-53642 

4 

o  o  r*  "7  CO 

2357. 53 

T  T 

II 

4 

2150.  54 

4079  —  50564 

7 

O  O  C  O  1 

2358.  16 

4079  —  46472 

6 

2152. 68 

II 

9 

2360. 73 

9878-52224 

5 

2155.  81 

I 

0-46372 

48 

2363.  04 

6324-48629 

15 

2158.  05 

2835  —  49159 

7 

2368.  04 

T  T 

II 

4 

O  T  /  O      O  O 

2162.  88 

n     yi    o  o  n 

0  —  46220 

"7  A 

70 

O  '5  "7  O     "7  "7 

2372. 77 

A        yi  A  T  O  A 

0  —  42132 

12 

2169.  42 

T  T 

II 

6 

o  '2  "7  c    n  n 

2375.  09 

T  T 

II 

10 

2175. 24 

0-45957 

5 

2377.  28 

7107-49159 

6 

2178. 17 

0-45896 

5 

2377.  98 

I 

7107-49146 

4 

o  T  n  "7    yi  o 

2187.  43 

T  T 

II 

11 

O  O  "70     O  O 

2379. 38 

yin*7n  yiz.Anyi 
4079  —  46094 

3.  0 

2190.  38 

T  T 

II 

12 

2381. 62 

6324  —  48299 

2.  0 

2191. 64 

00'2C        A  O  A  A  n 

2835  —  48449 

5 

2383. 17 

TOAOO  CCAOZ. 

13088  —  55036 

3.  0 

2208.  09 

II 

2.  0 

2383.  79 

I 

9878-51815 

5 

2220.  37 

2835-47858 

3.  0 

2386.  58 

II 

3 

o  o  o  "1     n  "7 

2221.  07 

T  T 

II 

30 

o  o  o  z.  on 
2386.  89 

Z.  ^  A  yi  yiOAA"7 

6324  —  4o207 

12 

o  o  yi  o     /  o 

2242.  68 

II 

60 

O  1  O  A      /  O 

2390. 62 

Aooc  yiyiz^cA 

2835  —  44652 

3 

O  O  /I  C      "7  / 

2245.  76 

T  T 

II 

70 

2391.  18 

2o35  —44643 

11 

2253.  38 

7107-51471 

2.  5 

2401. 77 

J 

13088-54711 

2253.  49 

I 

4079-48441 

7 

2407.  59 

I 

7107-48629 

11 

2255. 10 

oooc      A~i  "y  ^  c 

2835  —  47165 

9 

o  yi  no   o  "7 
2409. 37 

40  /7  —  4bb  /I 

8 

2255. 81 

5785  —  50101 

9 

o  yi  T  A     1  "7 

2410. 17 

13088  —  54566 

2.  0 

o  o  n  o     n  T 

2258.  51 

9878  —  54141 

9 

o  yi  1  A  "70 

2410.  /3 

122io  —  d36o / 

8 

2258.  86 

J 

6324-50580 

17 

2413.31 

4079-45503 

5 

2264. 61 

I 

2835-46979 

12 

2415. 86 

I 

5785-47165 

7 

o  o  /  /     o  o 

2266. 33 

6324  —  50434 

22 

o  yi  T  O    T  1 

2418.  11 

■'^ 

"7Tn"7  /lO/l/lQ 

/iU  /  — 4o447 

7 

2268.  90 

10579  —  54639 

5 

o  /I  o  yi    o  o 

2424.  32 

10579  —  51815 

5 

2280.  00 

6324-50170 

5 

o  yi  o  yi  z. 

2424.  66 

J 

70  /o  — 5ii0o 

7 

2281. 02 

II 

8 

2424.  89 

5785-47011 

5 

2281.  91 

9878-53687 

14 

2424.  99 

I 

6324-47549 

2.  5 

2284. 60 

13940  —  57698 

11 

o  yi  o  c    /  ^ 

2425.  66 

/oo/l       A~7  nil 

6324  —  4/53/ 

3.  0 

2295.  08 

5785  —  49342 

6 

O  ^  O  Z.      C  '2 

2426.  53 

T  T 
11 

7 

2298.  05 

11831-55333 

o  n 

2.  0 

2426.  78 

b /oD  —  H67 /7 

2298.  16 

I 

6324-49824 

20 

2427. 61 

I 

4079-45259 

4 

o  o  nn  CI 
2299. 53 

/iO  /  —  dOdoO 

22 

24ii.  ziH 

U  —  Hi  il7 

8 

2300.  50 

6324-49779 

55 

2431. 94 

4079-45186 
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Iridium 


—  All  Observed  Lines 


i.i  1  L    Xi  o  -L  t  y 

and 
r^h          tp  r 

length 
in  A 

Spec- 
trum 

xLiiic  -t^  y  y 
Levels 
in  K 

inte  ns  1 1  y 
and 

Wave- 
length 

in  A 
ill  ./i. 

Spec- 
truna 

Ene  r  gy 
Levels 

7 

2432. 36 

7107-48207 

28 

2537.  22 

5785-45186 

4 

2432. 58 

13940-55036 

8 

2537.  68 

16103-55497 

11 

2435.  14 

\ 

13088-54141 

2.  0 

2538. 88 

{ 

12952-52327 

3.5 

2436.  42 

I 

13088-54119 

2.0 

2540.  40 

I 

12952-52304 

11 

2445.  34 

I 

6324-47206 

5 

2541.  48 

I 

11831-51166 

2.  0 

2447.  49 

I 

17779-58625 

28 

2542. 02 

I 

5785-45112 

11 

2447.  76 

6324-47165 

2.  0 

2542. 80 

II 

9 

2448.  23 

\ 

5785-46618 

380 

2543.  97 

2835-42132 

2.0 

2449.  02 

I 

12952-53772 

7 

2545.  54 

I 

12952-52224 

44 

2452.  81 

I 

2835-43592 

38 

2546. 03 

7107-46372 

4 

^   A  r    A        ^  ^ 

2454.  12 

I 

12952-53687 

6 

2547.  20 

6324-45571 

65 

2455. 61 

0-40711 

6 

2547. 69 

\ 

13088-52327 

11 

2455.  87 

J 

4079-44785 

10 

2551. 40 

12952-52134 

10 

2457.  03 

I 

5785-46472 

9 

2554.  40 

I 

13088-52224 

10 

2457.  23 

I 

13088-53772 

10 

2555.  35 

4079-43202 

4 

2462.  36 

I 

13088-53687 

8 

2555. 88 

I 

7107-46220 

4 

2463. 03 

12218-52807 

7 

2563.  28 

\ 

5785-44785 

4 

2464. 90 

J 

11831-52388 

44 

2564.  18 

7107-46094 

6 

2465. 09 

I 

13088-53642 

10 

2569. 88 

I 

12952-51852 

42 

2467.  30 

I 

4079-44597 

5 

2570.  62 

12218-51108 

160 

2475. 12 

I 

0-40390 

3.  5 

2572. 07 

10579-49446 

10 

2478. 11 

2835-43176 

3.  5 

2572. 37 

12952-51815 

2.  0 

2479. 16 

13940-54264 

11 

2572.  70 

J 

5785-44643 

100 

2481. 18 

I 

0-40291 

36 

2577.  26 

I 

7107-45896 

5 

2485.  38 

I 

9878-50101 

5 

2578.  71 

16565-55333 

2.  0 

2486.  37 

I 

18547-58754 

3.  5 

2578.  91 

13088-51852 

2.  0 

2486.  75 

13940-54141 

1.  8 

2579. 49 

II 

2.  0 

2489. 20 

J 

16103-56265 

1.  8 

2583.  18 

18547-57248 

30 

2493.  08 

I 

7107-47206 

36 

2592.  06 

I 

0-38568 

10 

2496.  27 

I 

6324-46372 

36 

2599. 04 

7107-45571 

4 

2500.  27 

I 

11831-51815 

7 

2602. 04 

I 

16565-54985 

12 

2502. 63 

9878-49824 

9 

2604. 55 

13088-51471 

200 

2502.  98 

\ 

0-39940 

9 

2607. 52 

J 

13088-51427 

8 

2504.  37 

I 

11119-51b91 

34 

2608.  25 

I 

6324-44652 

6 

2505.  74 

1 

6324-46220 

85 

2611. 30 

2835-41119 

4 

2506.  60 

12506-52388 

3.  5 

2612. 04 

6324-44597 

6 

2507.  63 

10579-50445 

10 

2614.  98 

0-38230 

4 

2508.  35 

J 

12952-52807 

3. 5  d 

2615.  88 

J 

16103-54320 

8 

2509.  71 

I 

12218-52052 

2616.00 

I 

12952-51166 

8 

2511.  94 

I 

12506-52304 

16 

2617. 78 

4079-42268 

8 

2512. 58 

II 

10 

2619,  88 

I 

0-38158 

10 

2513. 71 

/   ^  ^\  A             A    /    ^\  ^\  A 

6324-46094 

3.  5 

^  ^    ^  /A 

2623. 64 

II 

6 

2515.  36 

J 

9878-49621 

12 

2625.  32 

7107-45186 

2.0 

2524.  88 

II 

2.  0 

2625.  67 

I 

16565-54639 

8 

2525. 05 

I 

10579-50170 

5 

2626. 76 

I 

12506-50564 

2.  0 

2526.  77 

I 

19061-58625 

2.  5 

2628.  20 

I 

16103-54141 

2.  5 

2532.  20 

18547-58027 

2.  0 

2629. 41 

13088-51108 

6 

2532.  52 

{ 

5785-45259 

34 

2634.  17 

J 

12218-50170 

48 

2533.  13 

9878  —  49342 

8 

2635. 27 

4079-42014 

55 

2534.  46 

2835-42279 

1.6 

2638.  97 

12218-50101 
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Iridium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  -^nergy 
^  ^  Levels 
trum 

m  K 

Tnf"    "n  c  i  1"^  T 
JJ.1L  o  11  o  1 L  y 

and 

Cli3.ra.ctG  r 

W^a.vG- 
length 
in  A. 

Spec- 
trum 

Ene  r  gy 
Levels 
in  JTv 

I         2835  —  40711 

6  d 

2777.  43 

I 

11831-47825 

l/U 

2637.  71 

I              0  —  37872 

2777.  53 

17779-53772 

2.5 

2640.  38 

I  10579-48441 

38 

2781. 29 

{ 

6324-42268 

10 

2644.  19 

I  5785-43592 

24 

2785.  22 

I 

10579-46472 

8 

2653. 76 

I        9878  —  47549 

6 

2796.  46 

I 

16103-51852 

3.  5 

2653.  95 

I       16103  —  53772 

/I  r\ 

40 

2797.  35 

I 

5785-41522 

2656.  81 

I       10579  —  48207 

120 

2797.  70 

2835-38568 

1.  6 

2657.  71 

I  11831-49446 

28 

2798.  18 

\ 

4079-39806 

130 

2661.  98 

I  2835-40390 

3.0 

2799.  74 

I 

16681-52388 

26 

i:662.  63 

I         7107  —  44652 

o  r\ 

30 

A  A  A  A      A  A 

2800.  82 

9878-45571 

6 

2663.  31 

I        7107  —  44643 

o  r\ 

3.  0 

A  A  T  A  OA 

2812.  80 

I 

13088-48629 

o  n  r\ 

uo 

ii664.  79 

I              0  —  37515 

50 

A  A  A  O      1  A 

2823.  18 

0-35411 

10 

2668.  99 

I  2835-40291 

90 

2824.  45 

\ 

2835-38230 

4 

2669.  46 

I  16103-53553 

5 

2830.  17 

I 

2835-38158 

38 

2669.  91 

1         4079  —  41522 

/I 

4 

A  A  o  A      r~  T 

2830,  51 

I 

12218-47538 

38 

2671. 84 

T             r""7nr"  /loom 

I         5785  —  43201 

O  A 

3.  0 

A  A  O  T       O  / 

2831. 36 

I 

9878-45186 

24 

2673.  61 

T  1 — 7  a  r  /ion~7/ 

I        5785  —  43176 

8 

A  A  O  O       A  /I 

2833. 24 

II 

9 

2676.  83 

I  13088-50434 

8 

2835.  66 

12952-48206 

7 

2679.  06 

I  11831-49146 

60 

2836.  40 

I 

4079-39324 

/I 

4 

2681.  10 

T                1  70f~  /ior\~70 

I  5785-43072 

12 

A  A  O  T      O  O 

2837.  33 

AA'^A  /I^TTA 

9878-45112 

2.  0 

2682. 46 

I        6324  —  43592 

A  A 

80 

A  A  o  A     n  / 

2839.  16 

I 

13088-48299 

8 

o  /  n  /I    A  /I 

2684.  04 

I       10579  —  47825 

A  A  O  A      A  /I 

2839.  24 

/IA"^A  OAAAA 

4079-39289 

4 

2691.  06 

I  12952-50101 

60 

2840.  22 

\ 

6324-41522 

20 

2692. 34 

I  4079-41210 

12 

2842. 28 

I 

7107-42279 

2.  0 

2692.  88 

T           loonn  /lOo/io 

I       12218  —  49342 

AAA 

280 

A  A  ^  A       "T  A 

2849. 72 

A        o  r~  O  A  T 

0-35081 

2.  0 

'n  /  o  o  /in 

2693. 49 

I       17779  —  54895 

OA  J 

3. 0  d 

A  A  n  n     A  A 

2855. 82 

18547-53553 

220 

2694.  23 

I  2835-39940 

A  A  I"  r*  AO 

2855.  93 

T/TAO  FTTAA 

16103-51108 

8 

2704.  03 

I  2835-39806 

3.  0 

2860,  66 

J 

12218-47165 

3.0 

2704.  93 

I  10579-47537 

8 

2863,  84 

I 

9878-44786 

2.  0 

2706.  88 

I  17779-^4711 

A 

4 

A  A  /  /  /A 

2866, 69 

TAAr*A  /1~7AAF 

12952-47825 

12 

2712.  74 

I  6324-43176 

A  V 

2.  5 

A  A  /  ~7      /  O 

2867.  63 

T/f/r"  r"T/iA~7 

16565-51427 

5 

2720.  45 

I  6324-43072 

6 

A  A  /  A      T  A 

2869,  70 

TAF~7A  /ir~/iTr" 

10579-45415 

2.  5 

2723.  76 

I  16103-52807 

28 

2875, 60 

\ 

9878-44643 

3.0 

2729.  56 

I  10579-47204 

28 

2875, 98 

I 

12218-46979 

4 

2730.  71 

I  11831-48441 

20 

2877,  68 

r'TAF  /lAFAF 

5785-40525 

5 

2732. 67 

I  12218-48802 

n  A 

10 

A  A  T  A  /IT 

2879,  41 

An~7A       A  A  r~  r\~j 

9878  —  44597 

2.  5 

2739.  32 

T            noiO/iA  Fo/io/i 

I  13940-50434 

4 

A  A  AT       T  / 

2881, 16 

TAr~A/  /lTAA/1 

12506-47204 

2.  5 

2740.  00 

I  7107-43592 

60 

2882,  64 

{ 

2835-37515 

2.5 

2740.  18 

I  5785-42268 

48 

2897.  15 

I 

5785-40291 

10 

2744.  00 

I  10579-47011 

6 

A  A  A  A       /  O 

2899,  63 

T/TAO  PAFAA 

16103  —  50580 

2.  0 

2747.  51 

I  19593-55979 

2.  5 

A  A  A  A  OA 

2900.  39 

TAHAO  r~/lA/T 

19593-54061 

2.  0 

2749.  32 

I  17779-54141 

T  A 

19 

A  A  A  T       A  r" 

2901. 95 

TOAAA  /I^rOA 

13088  —  47538 

6 

2758.  23 

I  5785-42029 

19 

2904.  80 

J 

7107-41522 

5 

2759.  32 

I  12218-48449 

3.  0 

2905. 64 

I 

4079-38485 

4 

2759.  91 

I  12218-48441 

15 

A  A  A  T      A  /I 

2907.  24 

/OA/1  /1A~7TT 

6324  —  40711 

2.  0 

2767.  65 

I  16103-52224 

5 

A  A  A  A      f~  / 

2909.  56 

13940  —  48299 

6 

2771.  61 

I  7107-43176 

O  A 

32 

A  A  T  /       O  / 

2916.  36 

4079  —  38358 

24 

2772.  46 

I  13088-49146 

17 

2918.  57 

I 

12218-46472 

2.  0 

2774.  58 

I  16103-52134 

O  A  A 

320 

A  A  A  /I       ^  A 

2924,  79 

A        O  /I  T  n  A 

0  —  34180 

18 

2775.  55 

I  9878-45896 

6 

2930,  63 

12506-46618 

140 


Iridium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  rgy 
Levels 
m  K 

on 

7U 

_ 

A'^9Zl  —  AD'^Qn 

■^9 

'^nR'^  99 

, 

1  991  R  —  AAAA'^ 

65 

2936.  68 

I 

4079-38121 

24 

3086.  44 

I 

9878-42268 

18 

2938.  47 

J 

5785-39806 

38 

3088.  04 

5785-38158 

14 

90-^0  97 

71 07  —  AT  1 1 q 

7 

J U  7H.  U  X 

A07Q  —  A'^qo 

HU/y  —  J?0^7U 

1  n 
iU 

■^1  nn  9q 

JXUU. C7 

CODD  —  ^DUoX 

t vHl. UO 

XUD/7  —  frj/U 

tin 

nn 

A  ^9A  —  "^R^AR 

OjCH  JODOO 

200 

2943. 15 

I 

6324-40291 

6 

3114. 05 

I 

16103-48206 

17 

2946.  97 

13088-47011 

9 

3114.  55 

13088-45186 

1  ^ 

LD 

1  '^nfiP  — /IAQ7Q 

'^19n  7A 

OjCH  JOJDO 

oD 

9Qm  99 

■^191  7R 
J?  X  ^  X.  /  0 

1  -^ORR  —  4m  1  9 

X-/UOO  HDX1.C 

il 

90^9  qq 

X  XO^X      HIJ  J  /  X 

Q 

y 

"^1  99  "^R 

X_57'+U  —  tJ/lJ  / 

3.5 

2965.  20 

I 

9878-43592 

7 

3128.  39 

I 

13940-45896 

2.5 

2968.  49 

12218-45896 

7 

3133. 09 

J 

5785-37693 

L.,  u 

c.y  1  H.  i.U 

An7q  _  '?7AQ'^ 

HU  17      J>  1  07  Z> 

JH  u 

i 

A'^9A  — '^R9'^n 

ID 

9q74  q^ 

T  ARA^  —  t;m  7n 

7 

J?  Xt  U.  HX 

1 9QR9  — 447RA 

XC7DC  HH/OD 

JC. 

9qpn 

J  1  OD  —  J7  JCH 

■7 

"^1  07 

y 

9R4^9  _  An9'^Q 

COHD  C  DU^^7 

11 

2985. 80 

I 

6324-39806 

19 

3150.  61 

I 

5785-37515 

14 

2990.  62 

J 

11831-45259 

7 

3154.  55 

12952-44643 

C.C. 

9qqA  DR 

An7q  —  "^lAAk 

X  y 

"^l  RA  7A 

1 ORTQ  — 499AR 

X\jD  1  7  HCCOO 

9qq7  1 q 

^77  1.17 

XXO^X  HjXOO 

1  Q 

X  7 

^XJy.  LD 

1  9qc;9  —  AAi^Q7 

XC7DC  —  HHD7  1 

9qq7  A^ 

£.77  /  .  HI 

1  991  «_Ac;c;71 

Xt^XO  —  HDD  1  X 

1  A 

XH 

"^1  AR    1  R 
J/XOO.  XO 

1  "^ORR  —  AAAA'^ 

16 

3002.  25 

I 

9878-43176 

48 

3168.  88 

I 

6324-37872 

44 

3003.  63 

{ 

7107-40390 

36 

3177.  58 

7107-38568 

o 

J\3\jO,  C.X. 

1  "^QAD  —  A79nA 

XJ/tU  —  *+  /  c.\jO 

1 7 

X  / 

"^1  RO  "^^ 

-'XOU.  3D 

1  A1  0"^  —dl^'^f^ 

XOXU  J      H 1 DJO 

•innq  qn 

j\j\}7  ,  7U 

T  At;AR  —  Ziq77q 

XD30D — H7 1 17 

■^A 

-21  qR  q9 

J  X  70,  7  C 

71  07  —  R'^CLR 
1  X\J  1  —  DODDO 

1  9 

"^m  1  Aq 

^Ull.  07 

_ 

qQ7Q  _  A'^ 079 

An 

"^91  9  19 

71  07  —  •^R9'^0 

/  XU  /  —  DOCJK) 

9 

3016.43 

I 

12952-46094 

7 

3213.  55 

I 

19061-50170 

20 

3017.  31 

13088-46221 

7 

3218.46 

{ 

16103-47165 

1  n 

lU 

9 A'^n7  —  i^qAl  q 

C.OJUI  —  D7H  L7 

■^A 

'^91Q  til 
JJtXy.  DX 

71  07  —  ■^Rl  "iR 
1  X\J  1  —  ^OXDO 

D 

9  A'^n7  —  t;qAl  n 

C.OJU  1  —  37HXU 

cinn 

"^990  7R 

9R'^  li  —  ■^'^R7A 
CODD —  JJQ 1 H 

L. 
O 

9  A'^n7  —  c;q'^f!A 

c.Oj\Ji  —  DvJOH 

1  n 

X  u 

■^991  9R 
JC.CX.,  C.O 

- 

9RA^9  —  ^qAR7 

COHDC  —  I57HO/ 

8 

3025.  82 

I 

13940-46979 

30 

3229.  28 

I 

12218-43176 

28 

3029.  36 

I 

6324-39324 

10 

3230. 76 

J 

10579-41522 

^yj^L,  41 

1  991  Q  —Am  RA 

A 
0 

■^9'^9  00 

9RA^9  —  t;Q'^RA 

COHDC      D7  DOH 

n 

1  1  0-21  —  AA7RA 
XXOJX  tt/oo 

4A 

"^941  c;9 

J'^'tX.  DC 

An7Q  —  '^4Q9n 

HU  /  7      JHy  C\J 

y 

•2n-27  7c 

_ 

1  9c;nA  — 4t:A1  c; 

XtjUD  HjHXJ 

0 
0 

1 qnAI  — 4Q77Q 

X7UOX      H7 1 1/ 

24 

3039.  26 

I 

12218-45112 

20 

3262. 01 

I 

9878-40525 

4 

3040.  47 

18547-51427 

38 

3266.  44 

5785-36390 

9  R 

•20^.9  A^ 

T  T 
1 1 

1  A 
X  0 

"XOll  9R 
jc  1  1 ,  CO 

1  "^nRR  —  4'^c;Q9 

X^UOO      H  J>D7  C 

99 

-20/17    1  A 
^ U4 / .  ID 

X-'UOO  HjOyO 

A 
0 

■^9R7  OA 

qR7R  —  An9qi 

70/0  HUtyX 

99 

1  n 

X  u 

■^9R7  t^Q 

JCO 1 ,  J y 

71  n7  —  71^1  R 

1  X\J  1      J  1  D  XD 

3.0 

3052. 16 

I 

19061-51815 

16 

3310.  52 

I 

11831-42029 

6 

3053.  60 

11831-44570 

8 

3312. 13 

11831-42014 

99 

•inc7  90 

71  07  —  "^QRO  A 

pn 

"^"^99  AO 

JJCC,  DU 

1  "^ORR  —  IX%^  7A 

^UDl.  41 

X/  /  /7  —  jUt^H 

Q 
0 

■^•^99  R7 
J  J  cc,  0  / 

1 qOAO  —  AQ1  47 

X7UDU  H7XH/ 

^U04.  j1 

1  nc;7Q  —  4'^9m 

XU3/  /  —  t^tUX 

X  P 

JJJH,  XO 

1  "^ORR  — 4'^079 

XJUOO  —  H  D\J  1  C 

160 

3068.  89 

I 

2835-35411 

6 

3338.  37 

I 

10579-40525 

1  Q 

iv 

"iriAq  nq 

^  U07.  U7 

D  1  OD  —  j>o  j>3o 

-l-2^Q  AR 
JJOO,  "lO 

COjD —  jCDXj 

19 

3069.  71 

12218-44785 

6 

3419.42 

13940-43176 

17 

3076.  69 

10579-43072 

65 

3437.  02 

6324-35411 
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Iridium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
in  K 

10 

3437.  50 

J 

16103-45186 

w  I.L.  W  ^            T  ^  A  U 

14 

4040  08 

5785  —305*^0 

40 

3448.  97 

I 

4079-33065 

40 

4069. 92 

I 

12952-37515 

8 

3476.  46 

J 

6324-35081 

16 

4070.  68 

11831-36390 

6 

3477. 77 

10579-39325 

11 

4092  61 

1  "^088  —  "^7^1  ^ 

8 

3484!  48 

T 

9878-38568 

15 

41 1 5  78 

320 

3513.  64 

J 

0-28452 

2  5 

4127  92 

y 

1  ■^940  —  '^Rl  ^8 

22 

3515.*  95 

I 

7107-35540 

3  0 

4155. 70 

I 

28452-52509 

40 

3522. 03 

\ 

4079-32464 

1  6 

X  •  w 

4166.  04 

9878-33874 

16 

3557  17 

16681-44785 

10 

4172  56 

32 

3558  99 

T 

5785  —  33874 

4 

41 fi?  47 

J 

3568  00 

J 

12506-40525 

1  6 

h 

"  J.  0        L.  A, 

y 

3a2'^0  —  A?l  ?ft 

120 

3573.  72 

I 

7107-35081 

2.  0 

4185. 66 

I 

12506-36390 

32 

3594. 39 

\ 

7107-34920 

2.  5 

4197.  54 

11831-35648 

22 

3609.  77 

2835  -  30530 

3.0 

4217  76 

1  Ai  0"?  —  '?9anA 

19 

3617*  21 

T 

9878-37515 

1.  4 

4220  80 

y 

2A3A5  —  50050 

8 

3625. 71 

T 

12952-40525 

8 

4259  11 

^  £-  -)  f  %  J-  X 

y 

2835  —  26308 

16 

3626!  29 

I 

9878-37446 

3.  0 

4265.  30 

I 

12952-36390 

65 

3628.  67 

\ 

6324-33874 

28 

4268.  10 

7107-30530 

22 

3636  20 

11831-39324 

2.5 

4286  62 

J 

1  221  8-35540 

30 

3661. 71 

T 

13088  —  40390 

8 

4301  60 

J 

1  A5A5  —  39806 

30 

3664  62 

T 

5785-33065 

6 

4310  59 

y 

1  221  8  —  3541 1 

32 

3674. 98 

I 

13088-40291 

24 

4311.  50 

I 

9878-33065 

20 

3687.  08 

10579-37693 

2.  0 

4351. 30 

18547-41522 

8 

3698  10 

19060-46094 

2.0 

4352  56 

1  90A1  —42029 

14 

3725. 38 

T 

19060-45896 

2.  0 

4392  59 

y 

1  6565  —  39325 

20 

3731. 36 

18 

4399  47 

y 

1  6565  —  39289 

14 

3738!  53 

6324-33065 

7 

4403.  78 

I 

12218-34920 

55 

3747.  20 

5785-32464 

12 

4426.  27 

9878-32464 

4 

3750  40 

32831  —  59487 

1.  6 

4450  18 

J 

161  03  —38568 

4 

3753  32 

T 

16565-43201 

6 

4478  48 

y 

1  3088  —  35411 

7 

3768  68 

J 

11831  -  38358 

1  8 

4495  35 

y 

330A5  —  55304 

5 

3170.  73 

I 

9878-36390 

1  2 

X  •  ^ 

h 

4496.  03 

I 

34180-56416 

12 

3793. 79 

13940-40291 

6 

4545.  68 

13088-35081 

3  ^ 

3794  06 

1  221  8  —  38568 

3.  5 

4548  48 

J 

30530  —  52509 

320 

3800  12 

J 

0  —26308 

1.4 

4550  78 

y 

1  2952  —  34920 

24 

381  7  74 

J 

6324  — 3?51  3 

4 

4568  09 

y 

-[  0579  —  32464 

18 

3865. 64 

I 

11831-37693 

2  0 

4570. 02 

I 

23310-45186 

50 

3902.  51 

2835-28452 

2  0 

4604.  48 

35081-56793 

390?  66 

l 295?  —  38568 

7 

4616  39 

1 221 8  —  33874 

391 5  ^8 

J 

9878  —  3541 1 

2.  5 

4656  18 

J 

1  3940  —  3541 1 

44 

3934  84 

J 

7-1  07  —  3251  3 

1  6 

h 

4668  99 

J 

16103  —  37515 

13 

3946.  27 

I 

16681-42014 

2  0 

4708.  88 

I 

19060-40291 

7 

3951.  95 

12218-37515 

5 

4728.  86 

\ 

13940-35081 

395?  6? 

1  7779  —  d'^r\i2 

2.0 

4731  86 

16565-37693 

3  S 

396?  78 

J 

1  221  8  —  37446 

2  5 

4756  46 

J 

33874-54893 

4 

3966  09 

y 

1 2952  —  381  58 

1.2 

ATil  96 

y 

16681  —  37693 

65 

3976.  31 

13088-38230 

6 

4778.  16 

12952-33874 

"^99?  1? 

9878  —  34920 

3.0 

4795  67 

12218-33065 

20 

4020.  03 

26307-51176 

1.0 

4807.  14 

19593-40390 

38 

4033.  76 

13088-37872 

2.0 

4809. 47 

13088-33874 
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Iridium  —  All  Observed  Lines 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy 
Levels 
in  K 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


ii,nergy 
Levels 
m  K 


1.0 

4840.  77  ] 

[  9878 

-30530 

0.  8 

5620.  04  ] 

[  37515 

-55304 

1.6 

4845.  38  ] 

[  11831 

-32464 

3.5 

5625.  55  ] 

[  16103 

-33874 

5 

4938.  09  ] 

[  12218 

-32464 

0.  8 

5828.  55  ] 

[  38230 

-55382 

C,  D 

Hy  1  v.  HO 

—  JJ^OD 

u.  o 

DOOc.,  JU 

X  O  U 

—  m  T  7  A 

—  3  X  X  10 

2.0 

4999.  74  ] 

[  32513 

-52509 

0.  6 

5887.  36  ] 

[  23310 

-40291 

2.0 

5002.  74  ] 

[  6324 

-26308 

3.0 

5894. 06  ] 

[  16103 

-33065 

1.4 

5009.  17  ] 

[  12506 

-32464 

0.6 

6026.  10  ] 

[  13940 

-30530 

2.5 

5014.  98  ] 

[  13940 

-33874 

1.0 

6067.  83  ] 

[  39940 

-56416 

i.  ^ 

3  UH  D.  U  D 

L           _J  DUO  X 

DHOv  J 

1.  D 

AT  1  n  A7  1 

r      1  Ai  D"^ 

X  ox  \JJ 

2.5 

5123.  66  ] 

[  12952 

-32464 

1.0 

6288.  28  ] 

[  16565 

-32464 

1.6 

5177.  95  ] 

[  16103 

-35411 

0.  6 

6334.44  ] 

[  16681 

-32464 

1.8 

5238.  92  ] 

[  16565 

-35648 

0.4 

6624.  73  ] 

[  40291 

-55382 

1.0 

5340.  74  ] 

[  23310 

-42029 

1.2 

6686.  08  ] 

[  39940 

-54893 

3.0 

5364.  32  ] 

[  19593 

-38230 

0.  6 

6830.  01  ] 

[  37872 

-52509 

6.  0 

5449.  50  ] 

[  32831 

-51176 

0.  8 

6929.  88  ] 

[  16103 

-30530 

2.5 

5454.50  ] 

[  34180 

-52509 

0.7 

7183.71  ] 

[  18547 

-32464 

0.6 

5469.  40  ] 

[  19593 

-37872 

1.0 

7834.  32  ] 

[  42132 

-54893 
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IRON 

Fe,  Z=26,  M=55.85,  Ratio  ^=0.879 

Cu 

Fe  I  Normal  state  of  valence  electrons  SdHs'^  =0.  I.P.=  63700  K 
Fe  II  Normal  state  of  valence  electrons  3d%s^  ^041^=0.    I.P.  =  130524  K 
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Relative  intensity  of  iron  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  iron 


Strong  lines  of  iron 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 

k 

Term  combination 

700 
600 
600 
500 
420 

3734.  87 
3581.  20 
3719.  94 
3820.  43 
3859.  91 

6928-33695 
6928-34844 

0-26875 
6928-33096 

0-25900 

3d'4si  a 
3d74si  a 
3rf«4s2  a 
3d'4si  a 
3dHs2  a 

—3dHp^     y  5F| 
— 3d74pi      z  5G5 
—SdHs'Ap'  z  5F| 
— 3d74pi     y  5DI 
SdHsHp'  z  5D| 

400 
400 
400 
340 
320 

3440.  61 
3570.  10 
3749.  49 
3737.  13 
3825.  88 

0-29056 
7377-35379 
7377-34040 
416-27167 
7377-33507 

3(iHs2  a  5D4 
3dHs^  a 
SdHs'  a  5F4 
3dHs^  a  5D3 
3d'4si  a  5F4 

— 3rf64si4pi  z 
— 3rf74pi     2  3Gs 
— 3d'4pi      y  5F| 
— 3d64si4pi  z  5F2 
— 3d'4joi     y  5D§ 

300 
300 
280 
280 
280 

3758.  24 
4045.  82 
2483.  27 
2522.  85 
3020.  64 

7728-34329 
11976-36686 
0-40257 
0-39626 
0-33096 

3d'4si  a  5F3 
3d'4si  a  3F4 
SdHs'  a  5D4 
SdHs^  a  5D4 
MHs^  a  5D4 

— 3d74pi     y  5F5 
— 3^74^'     y  'F| 
— 3d84si4pi  X  5F5 
— 3d64s'4pi  X  «D| 
— 3d74pi     y  5D| 

260 
260 
240 
200 
200 

2488.  15 
2719.  02 
3745.  56 
2599.  40 
3608.  86 

II 

416-40594 
0-36767 

704-27395 
0-38459 
8155-35856 

3^8482  a        —SdHsHp^  x  ^Fl 
3d64s2  a  5D4  — 3d64s'4pi  y  sPl 
3d84s2  a        — 3d64si4pi  z  5F§ 
3^648'  a  ^D,^—3dHp'      z  ^Dly, 
3rf'4si  a  5Fi  — 3rf74pi      z  ^Gj 

200 
200 

3618.  77 
3631.  46 

7986-35612 
7728-35257 

dd^W  a  5F2 
3dHs'  a  5F3 

— 3d74pi      z  5Gl 
— 3d74pi      z  5G| 

144 


Iron  —  All  Observed  Lines 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy- 
Levels 
in  K 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trunn 


Energy 
Levels 
in  K 


5 

2084. 12 

I 
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3025.  64 

I 
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3.5 
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I 
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7 
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I 

1986-26^19 

8 
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22997-43435 
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J 
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DDD / 7  —  DDOHX 

D 
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^CPXXX  —  H^HJD 
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h 

^A9A  nfi 

jHtH,  UO 

DHOHH  —  DJC 1 D 
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99ftAA  —  A'^l  A'^ 

g 

'=iA9q  7n 

779fi  —  9 Al  An 

/  ICO  —  ^DXHU 

4 

4957.  31 

I 

22997-43163 

5434.  53 

I 

8155-26550 

13 

4957.  61 

22650-42816 

11 

5445.  04 

35379-54379 

i.  ^ 

pnm  R7 
_3  UU  1.  0  / 

■ii  ■^07  —  til  9qA 

JJXJ/U/  —  3X^7H 

6 
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/70D  —  ^ODHU 

i.  u 
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4 
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DHDD,  DX 

Rl  t:  q  _  9  AA7q 
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_ 

99RAA  —  A9fi1  A 
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3.0 
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Iron 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
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Energy- 
Levels 
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length 
in  A 
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trum 

Energy 
Levels 
m  K 
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bi^ /,  / U 

U.  J 

~!  COr\  CA 

1  oiLKi,  b4 

'2017C  C10Q/I 

jol  ID  —  DicyH 

2.  0 

6191.  56 

I 

19621-35768 
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1  QIQn  '2C;'27Q 
i7^7U  —  JDJ  (7 

1  n 

77Qn  c;q 
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I 
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0.  3 

7568.  92 

34547-47756 

4 

8824. 23 
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0.4 

7583.  80 

24339-37521 
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36686-47961 

1.  0 

7586.  04 

34782-47961 

2.5 

8999.  56 

22838-33947 
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LANTHANUM 

La,  Z=57,  M=  138.92,  Ratio  ^=2.186 

La  I  Normal  state  of  valence  electrons  5d^Qs^  ^0^=0.  LP.  =  45293  K 
La  II  Normal  state  of  valence  electrons  5d^  =0.    LP.  =  92240  K 
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Relative  intensity  of  lanthanum  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  lanthanum 


Strong  lines  of  lanthanum 


Intensity 

Wavelen 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

900 

3949. 

10 

II 

3250-28565 

6si  a  3D3— 6pi  X  3F3 

550 

4086. 

72 

II 

0-24463 

5d2  a  3F2— 6joi  y  iDl 

460 

3794. 

78 

II 

1971-28315 

5rf2  a  3F4^6p>  y  ^Dj 

460 

4333. 

74 

II 

1394-24463 

6si  a  1D2— 6pi  y  1D5 

440 

3790. 

83 

II 

1016-27388 

5^2  a  'Fa— 6pi  y  'D^ 

440 

3988. 

52 

II 

3250-28315 

6si  a'Ds— 6pi  y^T)'3 

440 

4123. 

23 

II 

2592-26838 

6*1  a  3D2— 6pi  X  3F§ 

360 

3995. 

75 

II 

1394-26414 

6si  a  1D2— 6pi  X  3F2 

340 

3871. 

64 

II 

1016-26838 

5d2  a  3F3— 6pi  X  »F§ 

300 

4042. 

91 

II 

7473-32201 

5d2  a  1G4— 630I  X  iF| 

280 

3759. 

08 

II 

1971-28565 

5rf2  a  3F4— 6pi  X  3FS 

280 

4031. 

69 

II 

2592-27388 

6si  a  3D2— 6pi  y  'D^ 

280 

4077. 

35 

II 

1895-26414 

6si  a  3Di— 6pi  X  3F| 

220 

3929. 

22 

II 

1394-26838 

6s>  a  1D2— 6p'  X  3F3 

200 

3337. 

49 

II 

3250-33204 

6si  a  3D3— 6pi  X 

200 

3380. 

91 

II 

2592-32161 

6si  a  3D2— 6pi  X  sp; 

200 

4429. 

90 

II 

1895-24463 

6s'  a  3D,— 6p'  y  'D^ 
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Lanthanum  —  All  Observed  Lines 
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Wave- 
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Spec- 
trum 

Energy 
T  jPvpI  ^ 

^  V  ^  J.  0 
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Spec- 
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18 
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1603-45111 

6 
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2317.  82 

II 
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10 

3517. 14 
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13591-42015 

4 

2319.  44 

II 

2592-45692 

6 
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II 

0-28155 

1. 8 

2328.  75 

II 

16599-59528 

9 

3557.  26 

II 

1394-29498 

40 

2379.  38 

III 

0-42015 

28 

3574  43 

0  —  27969 

1.6 

2438.  01 

II 
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9 

3601.  06 

II 

2592-30353 

6 

2471. 90 
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5250-45692 

6 
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II 

3.  0 

2472.  44 

II 
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9 

3612.  34 

II 

24463-52138 

3.  0 

2479.  85 

II 

19215-59528 

9 

3613.  08 

I 

0-27669 

6 

2487. 59 

II 

17212-57400 

38 

3628.  83 

II 

1016-28565 

4 

2533.  14 

II 

6227-45692 

4 

3636.  67 

I 

1053-28543 

4 

2560.  37 

II 

19215-58259 

14 

3637.15 

II 

5718-33204 

1.  6 

2580.  82 

II 

15699-54435 

20  d 

3641. 53 

I 

1053-28506 

3641.  66 

II 

27388-54840 

2.  0 

2582.  56 

II 

14148-52858 

4 

2596.  09 

II 

16599-55107 

120 

3645.  42 

II 

0-27424 

46 

2610.34 

II 

7395-45692 

11 

3649.53 

0-27393 

6 

2672. 91 

II 

18580-55982 

46 

3650.  18 

II 

0-27388 

7 

2695.  47 

II 

19750-56838 

20 

3662. 08 

II 

1016-28315 

6 

2725.  58 

1053-37732 

2.0 

3672.  02 

0-27225 

6 

2791. 51 

II 

22106-57919 

4 

3701.  81 

II 

28315-55321 

6 

2798.  56 

II 

22537-58259 

14 

3704.  54 

1053-28040 

48 

2808.  39 

II 

10095-45692 

38 

3705.  82 

II 

6227-33204 

1.2 

2838.  45 

II 

19215-54435 

65 

3713.  54 

II 

1394-28315 

1.  8 

2840.  51 

II 

29498-64693 

16 

3714.  87 

II 

5250-32161 

5 

2855. 90 

II 

24523-59528 

32 

3715.  53 

II 

2592-29498 

3.0 

2862. 98 

II 

20403-55321 

11 

3725. 05 

II 

0-26838 

10 

2880.  65 

II 

20403-55107 

4 

3735.  85 

II 

1394-28155 

15 

2885.14 

II 

21332-55982 
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3759.  08 

II 

1971-28565 

18 

2893.  07 

II 

22283-56838 

9 

3773.12 

II 

26838-53333 

12 

2950.  50 

II 

28526-62408 

14 

3780.  67 

II 

5718-32161 

24 

3104.  59 

II 

0-32201 

8 

3784.  81 

II 

0-26414 

8 

3108.  46 

II 

0-32161 

440 

3790.  83 

II 

1016-27388 

18 

3142. 76 

II 

1394-33204 

460 

3794.  78 

II 

1971-28315 

20 

3171. 68 
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13591-45110 

8 

3808.  79 

II 

3250-29498 

10 

3193.  02 

II 

1895-33204 

19 

3835.  08 

II 

5718-31786 

5 

3215. 81 

1053-32141 

60 

3840. 72 

II 

1394-27424 

70 

3245.  13 

II 

1394-32201 

12 

3846.  00 

II 

1394-27388 

36 

3249.35 

II 

1394-32161 

160 

3849.  02 

II 

0-25973 

75 

3265. 67 

II 

2592-33204 

13 

3854.  91 

II 

6227-32161 

110 

3303. 11 

II 

1895-32161 

8 

3864.  49 

II 

28565-54435 

200 

3337.  49 

II 

3250-33204 

340 

3871.  64 

II 

1016-26838 

13 

3342.  23 

I 

1053-30965 

170 

3886.  37 

II 

2592-28315 

120 

3344.  56 

II 

1895-31786 

5 

3898.  60 

I 

0-25643 

28 

3376.33 

II 

2592-32201 

3.5 

3902.  58 

0-25617 

200 

3380.  91 

II 

2592-32161 

4 

3910.  81 

II 

2592-28155 

18 

3452.18 

II 

1394-30353 

130 

3916.  05 

II 

1895-27424 

24 

3453.17 

II 

3250-32201 

110 

3921.  54 

II 

1895-27388 

9 

3461.18 

1053-29937 

16 

3927.  56 

0-25454 
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Lanthanum  —  All  Observed  Lines 
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4 

4340.  73 

I 
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9 
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T  T 
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7io't  —  jdx^l 

ODD 

/in7i  ^.Q 

T  T 

1  JL 

0(;Q0  _  077SQ 
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bl 
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6 

bl 
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28 
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T  T 
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io 

T 
1 
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10 

X  \i 
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T  T 

1 1 

1  A77l^      771  77 
Lhj  1 0  —  J  1  i.  1 J 

6 

4065.  58 

I 

1053-25643 

A 

4389.  87 

I 

9719-32493 

85 

4067.  39 

II 

1394-25973 

5 

4402. 65 
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9044-31752 

ii 
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1  1 
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5 
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T  T 
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3495-19129 

1.4 

h 

5975.  75 

7680-24410 

4 

6399. 05 

21332-36955 

2.  0 

5982.  35 

J 

2668-19379 

16 

6410.  99 

J 

3010-18604 

1.  2 

5992. 36 

7490-24174 

2.  5 

6446.  61 

J  J 

22283-37791 

5 

6007.  36 

I 

4122-20763 

1.6 

6448. 11 

I 

2668-18172 

1.  2 

6017. 16 

13260-29875 

1.  0 

6450. 34 

\ 

9719-25218 

4 

6038  59 

\ 

7490-24046 

7 

c 

6454. 52 

2668-18157 

1.  u 

6041.  55 

T 

19 

6455.  99 

J 

1053-16538 

1.0 

6067  14 

II 

6227-22705 

1.  0 

h 

6468. 44 

J 

9184-24639 

3.5 

6068.  68 

7231-23705 

1.  8 

h 

6485. 55 

8052-23467 

1.0 

bU / d,  Ud 

J,  u 

OH  y  O.  X  / 

T  T 

1.2 

h 

6084.  89 

16857-33287 

0.  8 

6506. 23 

14096-29461 

3.  0 

6100. 38 

II 

5718-22106 

1.6 

h 

6520. 74 
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Lanthanum  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Q 

o 

T  T 
1 1 

1  QQt;  _  ^  791  9 
X07D  —  X  /  <lX^ 

X.  c 

h 

ic\^A  pn 

/ UDh.  oU 

T  nC\ 

u*  o 

h 

XI 

6529. 73 

II 

7395-22705 

X  ^ 

7066. 23 

II 

0-14148 

6543.  16 

I 

2668-17947 

A 

u 

7068.  37 

I 

1053-15197 

2.  0 

ac;ar  aa 

ODOD. 

T 
1 

1  nt^"^    1  A9Qn 

2.  0 

bl 

7n7n  7Q 

/  U /U.   /  7 

T  o  O 

0.  6 

0_)  /U.  70 

T  T 
I  1 

LOOn     91  /IZ19 

1.  2 

7n7A  7P 
l\j  1 0,  p(5 

T 
I 

1  L 

DD  /O.  3i 

T 
1 

n     1  c:i  Q7 

hi 

7npc;  /in 

u«  o 

6582. 19 

I 

16099-31288 

hi 

7101.  02 

LaO 

6593. 46 

I 

3010-18172 

X,  u 

XX 

7116.  8 

II 

7395-21442 

2.  5 

oouu,  i  / 

T 
1 

■201  n      1  Cl  c:7 
^uXU  —  ioX5 / 

1.  8 

bl 

71  71  C,Q 

1  LjL,  do 

i-iau 

3.  5 

DbUO. 

T 
I 

QQAl  9CLnQn 
77bX  —  i:r)U7U 

1.0 

71 AQ  77 
/  LHy,  1  1 

T 

1 

7APn      91  AA7 

/ bOU  —  bbj 

4 

AA1  A  c;q 

DoXtD.  37 

T 
1 

^^73  —  XObU't 

4 

IX 

71  c;p  np 

T 

I 

1  nc;7     1  [;n9n 

n  R 

6631.  21 

I 

5 

7161.  25 

I 

7012-20972 

n  R 

6636.  53 

II 

7473-22537 

1  0 

7162.  60 

LaO 

2.  0 

AAA9  7Q 

004^.  17 

T  T 
I  X 

2.  0 

791  Q  Ql 
1  C.L7,  7X 

T 

7ni  n    1  APt;7 
JUXU  —  XbOD / 

2.  5 

DD4t.  HX 

T 

1  n _  1  AHQQ 
XUD^  —  XbU77 

1.  0 

b 

10^1   1  A 
1  dO  1 ,  LO 

T  „  O 

j-iau 

1  4 

DotD, XD 

T 
1 

1  A9A'?  _  71  9Rfi 

2  5 

797(1  nq 
1  c.  1  \J,  U7 

T 
X 

7ni 9  —  9n7A7 

A 

6650.  81 

I 

0-15032 

1  0 

7270. 30 

I 

1053-14804 

7 

6661.  40 

I 

4122-19129 

10 

\^  w 

7282.  34 

II 

1971-15699 

3.  0 

c 

AA71  zin 
Db /X.  HU 

T  T 
1  I 

1.  0 

779n  Ql 
1  JC.\J,  7X 

T 
X 

1  ric7  1  Air\Q 

L\JD0  —  XH  /U7 

3.  5 

AAQ9  Q7 

T 
X 

^UXU  —  LI 7H 1 

10 

cw 

7  77Z1    1  R 
/  ^J>H.  XO 

T 
1 

n  —  1 7 A71 
U     LOOP  L 

0  7 

AAQQ 
ODV7, 

T 

JL 

6 

77/lc;  7/1 

Rrm9  —  91  AA7 

0  8 

6699.  85 

I 

5 

bl 

7379. 71 

LaO 

6709.  50 

I 

3010-17910 

8 

bl 

7380.  08 

LaO 

1.  6 

A71  A  no 

D  /  Xt.  U7 

T  T 

999fl7  _  771  77 

3.  5 

77P9  77 

T 

Q71 Q  _  9  79 Al 
7  /  X  7  —  L.JC.OL 

0.  6 

A71 R  AR 
O  /  XO.  DO 

T  T 
1 1 

0  A^'>%  —  %QAC\'K 

10 

bl 

7407  ^0 

T 

Ul'XO  7£3 

T  T 
1  I 

991  DA  7AQc;c; 

hi 

1  ACi'i,  7c; 

T  nO 

6748.  13 

I 

8446-23261 

h 

7411.  34 

LaO 

5 

6753. 04 

I 

0-14804 

A 

hi 

7434. 28 

LaO 

10 

A77Z1  OA 
b  /  / H.  ilb 

T  T 

1  ni  A  1  c;77A 

lUXb  —  ID  1 1 H 

10 

bl 

7/17/1  7A 

T  „  r\ 

0.  6 

A7QA  7"^ 
b  /7b.  / ^ 

T 

3.0 

b 

~1  AAO  Q9 
/  't't^,  7£. 

T 

11 

AQDP  £3A 

bOUo.  Ob 

T  T 
1 1 

1  m  A    1  [;AQa 

iUXb  —  X3b77 

h 

11 

7/1A7  np 

/    b^.  Ub 

J 

Pn  1^9     91  /1/lP 

1.  t 

6813. 66 

II 

22537-37210 

hi 

7465.  25 

LaO 

6823.  78 

I 

7012-21663 

Q 

7 

hi 

7465. 48 

LaO 

3.0 

T  T 
1  1 

1  Q71      1  AC^QQ 
X7 / X  —  X  bD 77 

7 

CW 

7/1P7  c;n 

T  T 

1  X 

1  m  A     1  /177l^ 

xuxb  —  mo  1 J 

2.0 

OOJ  1 ,  7U 

T  T 
1  1 

9I;Q9      1  791  9 
COT  c.  —  11  cLc 

4 

bl 

7/iQA  c;n 

/  ^7b.  DU 

T  _/-> 

ijau 

n  7 

u,  / 

11 

A  Q   Q   n  1 
bob7.  \jj 

T  T 
11 

79  c;n      1  7539  A 

Q 

/ 

hi 
ux 

7/lQA  7P 

/H7b.  /O 

1  R 

-L.  O 

6917. 24 

I 

3495-17947 

c; 

7498. 83 

I 

8052-21384 

1  n 

-L.  U 

6918.  30 

I 

1053-15504 

h 

yj 

7506.  79 

LaO 

6 

T 
I 

7ni  9   91  AAQ 

1.  8 

bl 

7c:9P  91 
/  0C.O,  dL 

T  „  r\ 

ijau 

4 

b7^_i.  ux 

T 

i. 

7ZIQC;  _1  7Q1  n 

5 

bl 

7c;9R  7Q 

/  JC.O.  07 

ijau 

n  7 

h 

07D/L,  Dl 

T  T 

J.  1 

1 7QA  —  1  ^11 A 

3  0 

7C77  CQ 
/  Oj  J,  D7 

T 

X 

701 n  —  1  A9Rn 

1  8 

h 

XI 

6954. 52 

II 

0-14375 

8 

7539. 23 

I 

0-13260 

6958.  10 

II 

10095-24463 

3  5 

bl 

7560.  09 

LaO 

1.  0 

AQ7A  PA 
b7  /  b.  OD 

T 
1 

3.  5 

bl 

/  07  c.,  CO 

T  o  O 
ijdU 

X.  ^ 

h 
u 

AQQA  QQ 
b77b.  £37 

T 

j_ia<j 

1  8 

h 

7A1  9  Q/1 
/ OLd,  7H 

T  T 
X  X 

1  m  A  _  1  Al  ZIP 

xuxb  —  xtXHO 

1.2 

b 

7m  1  99 

1.  8 

b 

lUOA  QQ 
/  0/1 H,  77 

T  „  r\ 

ijau 

7 

7023. 67 

I 

8052-22286 

2.0 

7664. 34 

I 

3495-16538 

2.5 

7079  n c. 

Qn/l/l  979A1 

1.4 

h 

7PA1  on 

/  O^X.  bU 

J 

7/lQ  c      1  ^,9  /I  7 
J^7D — LOC^J 

2.  5 

b 

7040.  84 

LaO 

2.0 

b 

7876.  87 

LaO 

10 

7045.  96 

I 

2668-16857 

7 

bl 

7877. 22 

LaO 
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Lanthanum  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

t  rizm 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

7 

bl 

7910.  19 

LaO 

0.  8 

b 

8453.  55 

LaO 

14 

bl 

7910.  54 

LaO 

0.  8 

h 

8467.  62 

I 

20117-31924 

5 

b 

7944.  61 

LaO 

2.  5 

8476.  48 

I 

3010-14804 

10 

bl 

7944.  95 

LaO 

1.2 

h 

8507.  37 

I 

8446-20197 

i\ 
4 

7964.  83 

I 

2668-15220 

1.  £. 

n 

8513. 57 

I 

9920-21663 

3.  5 

b 

7979.  34 

LaO 

0.  8 

h 

8514.  65 

II 

7473-19215 

7 

bl 

7979.  70 

LaO 

1.6 

b 

8526.  59 

LaO 

3.  5 

h 

8001. 89 

I 

3010-15504 

1.  6 

c 

8543.  46 

I 

9961-21663 

2.  0 

b 

8014.  43 

LaO 

6 

8545. 44 

I 

3010-14709 

/ 

D 

01 

8014.  79 

LaO 

1.4 

b 

8563.  54 

LaO 

3.  0 

b 

8019.  48 

LaO 

0.9 

h 

8590. 94 

I 

8446-20083 

3.5 

he 

8051. 39 

I 

4122-16538 

0.9 

b 

8600.  81 

LaO 

7 

8086.  05 

I 

2668-15031 

0.  7 

h 

8624.  22 

I 

7012-18604 

1.  4 

b 

8122.  20 

LaO 

1.4 

8638.  47 

I 

8446-20019 

1.  4 

D 

8159.  02 

LaO 

1.  8  hw 

8672,  11 

I 

9920-21448 

0.7 

h 

8203.  38 

I 

3010-15197 

4 

8674.  43 

I 

3495-15020 

5 

8247.  44 

I 

4122-16243 

1.2 

h 

8720.  41 

I 

9920-21384 

1.  2 

h 

8316.  04 

I 

3010-15031 

3.5 

8748.  38 

I 

2668-14096 

8 

8324.  69 

I 

3495-15504 

1.8 

8818.  93 

I 

9 

8346. 53 

I 

4122-16099 

3.5 

8825. 82 

I 

8052-19379 

0.  8 

h 

8379.  80 

I 

19129-31060 

2.  0 

8839. 63 

I 

3495-14804 
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LEAD 

Pb 

Pb,  Z=82,  M=207.21,  Ratio  7:^  =  3.261 

Cu 

Pb  I  Normal  state  of  valence  electrons  Gs^Gp^  To  =0.  I.P.=  59821  K 
Pb  II  Normal  state  of  valence  electrons  Qs^Qp^  ^l'ly=0.    LP.  =  121243  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

W.  F.  Meggers,  unpublished  material  (1955). 

Classification : 

Pb  I,  W.  F.  Meggers,  unpublished  material  (1955). 

Pbii,  L.  T.  Earls  and  R.  A.  Sawyer,  Phys.  Rev.  47,  115  (1935). 

Intensities : 

H.  Engler,  Z.  Physik  144,  343  (1956). 


Relative  intensity  of  lead  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  lead 


Strong  lines  of  lead 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

3400 

4057.  83 

I 

10650-35287 

6s26p2  spj— 6s26pi7si 

1400 

3683.  48 

I 

7819-34960 

6s26p2  spj— 6s26p'7si 

3P5 

1000 

2801.  99 

I 

10650-46329 

6s26p2  3P2— 6s26pi6di 

950 

2833.  06 

I 

0-35287 

6s26p2  sPo— 6s26pi7si 

3pj 

Lead  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

2022. 02 

0-49440 

300 

2663.  16 

10650-48189 

8 

2053.  27 

0-48687 

1000 

2801.  99 

10650-46329 

22 

2169.  99 

0-46069 

410 

2823.  20 

10650-46061 

9 

2203. 53 

II 

14081-59448 

950 

2833.  06 

0-35287 

2.0 

2246.  88 

7819-52312 

280 

2873. 32 

10650-45443 

2.  0 

2332. 44 

10650-53511 

3.0 

3220. 57 

21458-52500 

1.8 

2388.  80 

10650-52500 

110 

3572. 74 

21458-49440 

90 

2393. 79 

10650-52412 

550 

3639. 58 

7819-35287 

1.8 

2399.  60 

10650-52312 

34 

3671. 51 

21458-48687 

36 

2401.  95 

7819-49440 

1400 

3683.  48 

7819-3^960 

8 

2411. 73 

10650-52102 

280 

3739. 95 

21458-48189 

1. 6  h 

2428.  63 

21458-62621 

40 

4019. 64 

21458-46329 

36 

2443.  84 

7819-48726 

3400 

4057. 83 

10650-35287 

65 

2446.  19 

7819-48687 

55 

4062. 14 

21458-46069 

130 

2476.38 

7819-48189 

13 

4168. 03 

21458-45443 

110 

2577.  27 

10650-49440 

9 

5005.  44 

29467-49440 

50 

2613. 65 

7819-46069 

3.5 

5201. 47 

29467-48687 

700 

2614. 18 

7819-46061 

0. 8  hi 

6001. 93 

35287-51944 

24 

2628.  28 

10650-48687 

14 

7229.  00 

21458-35287 

1.6 

2657.  09 

7819-45443 

161 


LITHIUM 

Li,  Z=3,  M=6.940,  Ratio  ^=0.1092 

Li  I  Normal  state  of  valence  electrons  ls^2si  ^Soh=0.  I.P.=  43487  K 
Lin  Normal  state  of  valence  electrons  Is^     ^So  =0.    I.P.  =  610079  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 

Sons,  New  York,  1939). 
R.  W.  France,  Proc.  Roy.  Soc.  (London)  [A]  129,  340  (1930). 

Classification : 

Li  I,  A.  Fowler,,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 

Intensities : 

A.  FUippov,  Z.  Physik  69,  526  (1931). 
G.  Stephenson,  Nature  167,  156  (1951). 


Relative  intensity  of  litliium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  lithium 

Strong  line  of  lithium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

k 

3600 

6707.  84 

I 

0-14904 

ls22s»  2SoH— ls22p'  'PSh.im 

Lithium  —  All  Observed  Lines 


Intensity       Wave-  Energy 

and            length              ~  Levels 
„,          .                °.         trum  „ 
Character        in  A                           m  K 

Intensity         Wave-  Energy 

and              length       ^  Levels 
_v         J.                  A        trum  „ 
Character         m  A                           in  K 

5  2741.  20  I  0-36470 
17  3232.  61  I  0-30925 
13       hi    4602.  86      I  14904-36623 

8         h    4971.  99      I  14904-35012 

320              6103.  64      I  14904-31283 
3600              6707.  84      I  0-14904 
48              8126.  52      I  14904-27206 
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LUTETIUM 


Lu,  Z=71,  M=  174.99,  Ratio  ^=2.754 

Lu  I  Normal  state  of  valence  electrons  5d^6s^  ^Diy^=0.  I.P.=  49600  K 
Lull  Normal  state  of  valence  electrons  6s^  %  =0.  I. P.  =  118000  K 
Lu  III  Normal  state  of  valence  electrons  ^Si  =0. 

References 

Wavelengths,  Spectrum  Assignments  and  Molecular  Spectra  (LuO) : 
W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  19,  31  (1937). 

Classification : 
Lu  I,  P.  F.  A.  Klinkenberg,  Physica  31,  53  (1954). 

Lu  II,  L.  F.  H.  Bovey  and  R.  W.  B.  Pearse,  Atomic  Energy  Research  Establishment  C/R 

1976  (Harwell,  1956). 
Lu  III,  W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  5,  73  (1930). 


Relative  intensity  of  lutetium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  lutetium 


Strong  lines  of  lutetium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

1200 
600 
500 
480c 
440 

2615.  42 
2911.  39 
3077.  60 
3507.  39 
3281.  74 

II 
II 
II 
II 

I 

0-38223 
14199-48537 
12435-44919 

0-28503 
1994-32457 

6s2  a  iSo  — 6s6p     z  iP; 
5d6s  a       — 6s6p     z  ^Fl 
5d6s  a        — 6s6p     z  3F§ 

6s2  a  iSo  — 6s6p     2  ^P; 
5rf6s2    2D2H— 32457?K,2H 

440 
420 
360 
360 
340h 

3359.  56 
2894.  84 
3312.  11 
3376.  50 
3081.  47 

I 

II 

I 
I 
I 

1994-31751 
14199-48733 
0-30184 
0-29608 

1994-34436 

5d6s2    2D2H— 5rf6s6p  ^F§h 
5d6s  a  'D3  — 6s6p     z  'D3 
5d6s2    2DiH— 5d6s6p  ^'^m 
5d6s2    2D,H— 5d6s6p 
5d6s2    2D2M— 6s27p  'PiH 

340 

4518.  57 

I 

0-22125 

5d6s2    2D,K— 5d6s6p  ^j).^ 
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Lutetium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Characte 

r 

Wave- 
length 
in  A 

Spec- 
tru.m 

Energy 
Levels 
in  K 

7 

h 

2195.  54 

II 

0-45532 

120 

2989.  27 

I 

0-33443 

4 

2236.  17 

III 

0-44705 

200 

3020.  54 

II 

12435-45532 

1.  0 

2276.  y4 

A~7A//i  "7in/n 

27264  —  71169 

8 

O  A  *n  "7  A 

3027.  29 

II 

12435-45458 

2.  5 

2297.  41 

\\ 

28503-72017 

140 

3056.  72 

II 

14199-46904 

2392.  19 

II 

17332-59122 

9 

3057.  90 

III 

6304-38997 

5 

2399.  14 

II 

32453-74122 

500 

3077. 60 

II 

12435-44919 

4 

2419.  21 

n 

38223-79547 

26 

3080. 11 

0-32457 

3.  5 

2430.  26 

l\ 

'2A/IC'3  ~70C00 

32453  —  7358o 

O  /I  A 

340 

n 

O  r\  A  T        A  ~7 

3081. 47 

1994-34436 

10 

2459.  64 

12435-53079 

200 

3118.  43 

{ 

/L 
O 

2469.  27 

II 

28503-68989 

140 

3171.36 

I 

0-31523 

16 

h 

2481. 72 

II 

32453-72736 

6 

3183.  73 

II 

17332-48733 

28 

2536.  95 

n 

11796-51202 

15 

3191.  80 

II 

32453-63774 

3.0 

O  C  /I  /      O  "7 

2546.  87 

32453  — /1705 

O  A 

80 

O  T  A  A     n  A 

3198. 12 

T  T 

II 

14199  —  45458 

3.  0 

d 

2549.  52 

280 

3254.  31 

II 

14199-44919 

0  c; 

2561.  80 

II 

12435-51458 

220 

3278.  97 

0-30489 

70 

2571.  23 

II 

14199-53079 

440 

3281. 74 

I 

1994-32457 

130 

2578.  79 

n 

12435-51202 

360 

3312.  11 

I 

0-30184 

6 

h 

2582. 13 

OA/lCO  ~7TT/A 

32453  —  71169 

/I  /I  A 

440 

O  O  (~  A      C  / 

3359. 56 

1994-31751 

38 

c 

2603.  33 

III 

6304-44705 

360 

3376.  50 

I 

0-29608 

ion 

2613. 40 

II 

11796-50049 

55 

3385. 50 

I 

1994-31523 

1200 

2615.  42 

II 

0-38223 

9 

h 

3391. 55 

I 

120 

2619.  26 

II 

11796-49963 

80 

3396. 82 

6 

n  /  1  7  An 

2657.  05 

A  /I  A 

240 

O  O  A  ~7      A  *7 

3397. 07 

T  T 

II 

11796  —  41225 

180 

2657.  80 

II 

12435-50049 

280 

3472. 48 

II 

12435-41225 

/ 

D 

u 

n 

2677.  25 

I 

480 

c 

3507. 39 

II 

0-28503 

38 

h 

2685.  08 

I 

4136-41368 

95 

3508.  42 

I 

1994-30489 

6 

h 

2685. 54 

280 

3554.  43 

II 

17332-45458 

280 

2701. 71 

T  T 

11 

14199  —51202 

O  O  A 

280 

3567. 84 

n       A  O  A  A  A 

0  —  28020 

6 

h 

2715. 91 

20 

3596.  34 

{ 

7476-35275 

12 

a 

2719.  09 

I 

65 

3623. 99 

II 

17332-44919 

32 

h 

2728.  95 

I 

0-36633 

55 

3636.  25 

I 

0-27493 

5 

c 

2738.  17 

II 

27264-63774 

210 

3647. 77 

I 

4136-31542 

240 

2754.  17 

II 

12435  —  48733 

5 

O  /  A  /I  OA 

3684. 32 

50 

h 

2765.  74 

4136-40282 

5 

3710.  95 

\ 

26 

2772. 58 

III 

8648-44705 

9 

3756.  70 

I 

4136-30748 

180 

2796.  63 

II 

17332-53079 

9 

3756.  79 

I 

4136-30747 

2.5 

2821. 23 

III 

2.5 

h 

3786.  18 

I 

18 

c 

2834. 35 

T  T 

II 

AATAO  /0~7"7fl 

28503  -  63774 

T  A 

12 

O  A  A  A      /  "7 

380U.  67 

{ 

22 

h 

2845. 13 

1994-37131 

6 

h 

3829. 07 

^UU 

2847.  51 

II 

11796-46904 

220 

3841.  18 

I 

1994-28020 

38 

h 

2885.  14 

I 

8 

3843. 61 

I 

420 

2894.  84 

II 

14199-48733 

10 

3853.  29 

I 

300 

A  O  A  OA 

2900.  30 

II 

12435  —  46904 

4 

'2  O  ~7  /I  ZLT 

JO  oi 

n"}  OQQ'JD 
4iiD  —  277^0 

20 

2903.  05 

0-34436 

55 

3876.  65 

II 

12435-38223 

600 

2911.  39 

II 

14199-48537 

3.  0 

3911. 77 

I 

18 

h 

2949.  73 

I 

7476-41368 

5 

3918.  86 

I 

80 

2951. 69 

II 

17332-51202 

3.5 

h 

3926.  62 

4 

2955.  78 

II 

50 

3968. 46 

0-25192 

280 

2963. 32 

II 

11796-45532 

5 

3991. 38 

160 

2969.  82 

II 

11796-45458 

70 

4054.  45 

4136-28793 
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Lutetium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trunn 

Energy 
Levels 
m  K 

8 

bl 

4096  13 

T.uO 

XJ IX  V-/ 

70 

5001  14 

41  -^.u  _  P41 

3  5 

h 

4107.  44 

5 

h 

5057.  60 

I 

17427-37194 

10 

h 

4112. 67 

0-24308 

12 

5134.  05 

17427-36900 

32 

4122  49 

240 

5135  09 

J 

1  994  —  O"!  4^0 

320 

4124  73 

7476  —  31714 

11 

bl 

5170  11 

X  /  \J  m  XX 

T.uO 

16 

p 

4131  79 

T^X  ^  X  »    /  / 

J 

15 

X 

5196  61 

J 

i  8505  —  37743 

48 

4154.  08 

I 

7476-31542 

8 

5206.  47 

I 

1994-21195 

2  5 

4158.  98 

3  5 

5304.  40 

20433-39279 

170 

4184  25 

Ti 

X  X 

17332  —  41225 

7 

5349  12 

1  8505  —  371  94 

16 

4277  50 

44 

5402  57 

y 

n  —  1  850^1 

26 

4281  03 

J 

12 

5421  90 

J 

1994  —  00433 

34 

d 

4295.  97 

I 

7476-30748 

9 

5437.  88 

I 

4296.  09 

\ 

7476-30747 

3 

5453.  57 

4136-22468 

16 

4309  57 

1994-25192 

X  /  /    I         L_     X  /  c 

180 

5476  69 

TT 

X  X 

1  4199  —  32453 

8 

4332  72 

J 

0.  8 

5664  89 

IT 

X  X 

30889  —  48537 

3  0 

4341  98 

IT 

X  X 

36098-59122 

1  2 

5713  49 

II 

X  X 

29407  —  46904 

7 

h 

4420.  96 

21462-44076 

48 

5736.  55 

0-17427 

20 

Q 

4430.  48 

5 

5775.  40 

20433-37743 

3.5 

4438  79 

7 

5800  59 

20 

4450  81 

J 

7476-29938 

3.  5 

h 

5860  79 

J 

22222  —  39279 

5 

h 

4471  55 

III  X  «   _/  _^ 

J 

0.  8 

5866  30 

T 

7476-24518 

h 

4498.  85 

I 

0-22222 

60 

f*W 

5983. 9 

II 

11796-28503 

340 

4518.57 

0-22125 

12 

5997.  13 

22609-39279 

2.5 

b 

4560  95 

^  ^  \J\Jm  f 

XJ  uv/ 

120 

6004  52 

J 

7476  —  24125 

2.5 

b 

4575  31 

XJ  vl  w 

3.  0 

h 

6041  66 

J 

21195  —  37743 

8 

c 

4605  39 

J 

18851-40559 

XUU^X  ~XJ— 

38 

6055  03 

J 

1994  —  18505 

9 

h 

4645.  47 

I 

1.  0 

6140.  71 

I 

21462-37743 

10 

X  w 

h 

4648.  21 

13 

6159.  94 

II 

32504-48733 

9 

h 

4648  85 

J 

14 

6199  66 

\J  X  /           VJ  w 

II 

X  X 

29407-45532 

6 

b 

4654  03 

LuO 

XJ  UV-/ 

180 

6221. 87 

II 

X  X 

12435  —  28503 

100 

4658  0? 

J 

0  —  21462 

3  0 

6228  14 

TT 

X  X 

29407  —  45458 

8 

h 

4659.  03 

I 

7 

6235.  36 

II 

32504-48537 

60 

bl 

4661.  75 

LuO 

14 

6242.  34 

II 

30889-46904 

30 

bl 

467?  31 

T.iiO 

1.  4 

h 

6248  80 

2ll9t;  —  37194 

40 

bl 

4684  1 6 

XJ  UV-/ 

6 

h 

6345  35 

J 

23524  —  39279 

26 

bl 

4695  46 

TiuO 

XJUV^ 

1  6 

X  •  u 

h 

6354  85 

J 

21462-37194 

18 

X  \J 

bl 

4708.  00 

LuO 

0.  8 

6365.  79 

I 

21195-j36900 

3  0 

4716.  70 

I 

0-21195 

1  4 

J-  •  • 

6366.  00 

il 

b 

4720  86 

T.uO 

1  9 

6441  14 

J 

22222  —  37743 

h 

11 

4726  20 

T 

J. 

1  0 

X  «  VJ 

f)444  89 

I  T 

X  X 

29407  —  4491  9 

10 

X  \J 

bl 

4735  00 

T.uO 

95 

6463  12 

TT 

X  X 

1 1796  —  27264 

7 

bl 

4749  n 

T.uO 

XJ 

2  5 

6477  67 

1994-17427 

4 

bl 

4764  22 

XJ  \X\J 

5 

c 

6523  18 

J 

14 

4785  42 

TT 

17332-38223 

3.0 

cw 

6611  28 

II 

X  X 

17332—32453 

8 

481  5  05 

T 

J. 

0  —  20762 

6611  58 

6611  80 

5 

c 

4839  62 

TT 

11796-32453 

6611  95 

1.6 

4865.  36 

II 

38575-59122 

6612. 04 

40 

4904. 88 

I 

4136-24518 

16 

4942. 34 

I 

1994-22222 

1.0 

6619. 15 

II 

36098-51202 

70 

4994.13 

II 

12435-32453 

3.0 

c 

6677,  14 

I 

22222-37194 

609065  0  -  62  -  12 
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Lutetium 


—  All  Observed  Lines 


Intensity  Wave- 
and  length 
Character        in  A 


Spec- 
trum 


Energy- 
Levels 
in  K 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy 
Levels 
in  K 


1  2 

h 

20433 

-35275 

0  8 

7409  70 

TT 

-J  VJ  u  / 

4 

6793  77 

T 

4136 

-18851 

2  0 

744'l  52 

24308 

t-  "  ^  VJ  U 

—  37743 

1  4 

6826  59 

II 

36557 

-51202 

1  4 

7456  96 

TT 

J.  J. 

36557 

*T  y  7  u 

8 

6917.  31 

1.  2 

ch 

7640.  08 

24109 

-37194 

1.4 

6943. 96 

II 

35652 

-50049 

1.2 

cw 

7758.  30 

24308 

-37194 

4 

7031.  24 

I 

23524 

-37743 

1.  2 

h 

7815.  9 

I 

24109 

-36900 

2.  5 

c 

'2QO"7Q 
—  17 

1.  6 

c 

0 1  "7  O     T  ^ 

ol7o,  16 

8 

7125.  84 

II 

30889 

-44919 

3.0 

8382.  08 

7476 

-19403 

1.  6 

7142.  79 

6 

8459.  19 

II 

29407 

-41225 

1.  2 

7143.  10 

1.  8 

d 

8478.  50 

1.4 

7165.  94 

II 

36098 

-50049 

5 

c 

8508.  08 

23524 

-35275 

2.  5 

ch 

7237.  98 

21462 

-35275 

6 

c 

8610.  98 

22222 

-33832 
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MAGNESIUM 


Mg,  Z=12,  M=  24.32,  Ratio  -^=0.383 

Mgi  Normal  state  of  valence  electrons  2p^3s^^So  =0.  I.P.=  61669  K 
Mgii  Normal  state  of  valence  electrons  2p^3s^  ^So'a=0.    I.P.  =  121267  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Mg  I,   F.  Paschen,  Sitzber.  Preuss.  Akad.  Wiss.,  Physik.  math.  Kl.  33,  709  (1931). 

Mg  II,  A.  Fowler,  Report  on  Series  in  Line  Spectra  p.  118  (Fleetway  Press,  London,  1922). 

Intensities : 

J.  A.  H.  Kersten  and  L.  S.  Ornstein,  Physica  8,  1124  (1941). 


Relative  intensity  of  magnesium  lines  observed  in  an  arc  of  copper  containing  0.1 

atomic  percent  of  magnesium 


Strong  lines  of  magnesium 


Intensity 

Wavelength 
A 

Spectrum 

Energy 
levels  K 

Term  combination 

6000 
1000 
600 

2852.  13 
2795.  53 
2802.  70 

I 

II 
II 

0-35051 
0-35761 
0-35669 

3s2iSo  — 3si32jiiPf 
3si  2SoH—     3pi  2PfH 
3si  2SoM—    3pi  2po^ 

Magnesium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

38 

2776.  69 

I 

21870-57874 

2. 0  h 

2942.  11 

21911-55892 

32 

2778. 29 

I 

21850-57833 

14  hi 

3096.  90 

21911-54192 

90 

2779.  83 

I 

21911-57874 

6 

3332. 15 

21870-51872 

I 

21870-57833 

9 

3336.  68 

21911-51872 

32 

2781.  42 

I 

21870-57813 

140 

3829.  35 

21850-47957 

36 

2782. 97 

I 

21911-57833 

300 

3832.  31 

21870-47957 

13 

2790.  79 

II 

35669-71491 

500 

3838.  26 

21911-47957 

1000 

2795.  53 

II 

0-35761 

7 

4703.  02 

35051-56308 

16 

2798.  06- 

II 

35761-71490 

75 

5167.  34 

21850-41197 

600 

2802.  70 

II 

0-35669 

220 

5172. 70 

21870-41197 

6000 

2852. 13 

I 

0-35051 

400 

5183.  62 

21911-41197 

1.6 

2928.  75 

II 

35669-69805 

6  h 

5528.  46 

35051-53135 

3.0 

2936.  54 

II 

35761-69805 

14 

8806.  79 

35051-46403 
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MANGANESE 


Mn,  Z=25,  M=54.94,  Ratio  ^  =  0.865 

Cu 

Mm  Normal  state  of  valence  electrons  Sc^Hs^  ^82^=0.  I.P.=  59960  K 
Mn  II  Normal  state  of  valence  electrons  3(^^4si  ^83  =0.    I. P.  =  126147  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Mn  1,   O.  G.  Riquelme,  Anales  Soc.  Esp.  Fis.  y  Quim.  45A,  435  and  547  (1949).    M.  A.  Cat- 
alan, W.  F.  Meggers,  O.  G.  Riquelme,  and  R.  Velasco  (monograph  in  preparation). 
Mnii,  C.  W.  Curtis,  Phys.  Rev.  53,  474  (1938). 

C.  W.  Curtis,  J.  Opt.  Soc.  Am.  43,  300  (1952). 

Intensities : 

R.  Frerichs,  Ann.  Physik  81,  807  (1926). 
R.  S.  Seward,  Phys.  Rev.  37,  344  (1931). 
L.  Huldt  and  A.  Lagerqvist,  Arkiv  Fysik  5,  91  (1952). 

Y.  I.  Ostrovskii  and  N.  P.  Penkin,  Optika  i  Spektroskopiya  3,  193  (1957). 

G.  D.  Bell,  M.  H.  Davis,  R.  B.  King,  and  P.  M.  Routly,  Astrophys.  J.  139,  437  (1959). 


Relative  intensity  of  manganese  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  manganese 


Strong  lines  of  manganese 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 

k 

Term  combination 

2000 

4030.  76 

0-24802 

3ds4s2 

a 

-3d54s'4pi 

z 

1400 

4033.  07 

0-24788 

3ds4s2 

a 

-SdHsHp'^ 

z 

1200 

2576.  10 

II 

0-38807 

3d54si 

a 

'S3  - 

-3rfHpi 

z 

'P| 

800 

2593.  73 

II 

0-38543 

3d=4si 

a 

^83  - 

-3d54pi 

z 

800 

2794.  82 

0-35770 

SdHs^ 

a 

-3d54si4pi 

y 

800 

4034.  49 

0-24779 

3d54s2 

a 

-SdHsHp^ 

z 

"PfH 

650 

2798.  27 

0-35726 

3d54s2 

a 

-3dHs'4pi 

y 

550 

2605.  69 

II 

0-38366 

3rf54si 

a 

^83  - 

-3d54pi 

z 

480 

2801.  06 

0-35690 

a 

-3d=4s'4pi 

y 

"Pf^i 

420 

4041.  36 

17052-41790 

MHs' 

a 

-3d«4p' 

z 

360 

3806.  72 

17052-43314 

3dHs' 

a 

-3rf64pi 

z 

340 

3569.  49 

18705-46713 

BdHs^ip 

1  2 

-Sd^is'W 

e 

240 

2949.  20 

II 

9473-43370 

3dHs' 

a 

^82  - 

z 

spo 

240 

3823.  51 

I 

17282-43429 

3d«4si 

a 

-SdHp'- 

z 
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Manganese 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum. 

Energy 
Levels 
in  K 

Intensity 

and 
Charactei 

r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

A 

1995.  40 

T 

0-50099 

14 

X  ~ 

2688  25 

II 

9 

1998.'  86 

I 

0-50013 

11 

2692.  66 

25266-62393 

12 

2003. 82 

I 

0-49888 

3.  5 

2693.  19 

w 

29889-67009 

2092  13 

T 

0-47782 

7 

2695  36 

29919  —  67009 

4 

2109.  58 

3  5 

2698.  97 

J  J 

29889-66929 

2  0 

2208  81 

T 

X 

0  —  45259 

X  X 

2701  00 

J  J 

29889  —  66901 

4 

2213. 85 

I 

0-45156 

20 

2701.  70 

II 

27547-64550 

6 

2221.  83 

I 

0-44994 

16 

2705.  74 

27571-64519 

n 

U 

2533  06 

1 

25266  -  64732 

10 

X  \J 

2707  53 

27571  —64494 

2543  45 

IT 

27589-66894 

14 

X  ~ 

2708  45 

J  J 

27583  -  64494 

(J 

2556  57 

IT 

27583-66686 

2709.  96 

J  J 

27583-64473 

10 

2558. 59 

II 

10 

271o!  33 

II 

15 

2563. 65 

II 

27547-66542 

14 

2711.  58 

27588-64456 

2572  76 

I 

18532-57389 

7 

2728  61 

50 

2575  51 

I 

18402-57218 

4 

2738  86 

T 

30354-66855 

1  200 

2576  10 

II 

X  X 

0-38807 

6 

h 

2760. 93 

T 

17052-53261 

A.  1  yJ  ^  L-        -J  ^  L~  \J  J- 

70 

2584.  31 

I 

18705-57389 

4 

277l!44 

I 

17052-53124 

6 

2589. 71 

II 

32788-71390 

4 

h 

2776.  23 

17282-53291 

32 

2592  94 

I 

18532-57086 

4 

2780  00 

23297-59257 

800 

2593  73 

II 

X  X 

0-38543 

7 

2789. 20 

T 

17282-53124 

3? 

2595  76 

I 

X 

18705-57218 

8 

2790  36 

J 

17282  —  53109 

12 

2598.  90 

II 

29951-68417 

8 

2791. 08 

I 

17052-52870 

II 

32857-71323 

800 

2794.  82 

0-35770 

5 

2602  14 

I 

X 

650 
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T 

X 
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17282-52884 

2624  80 

II 
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27571  -65658 

14 
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T 

17282-52870 

2A 

2625  58 

II 
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12 
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9 
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35004-70518 
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T 
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11 
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5 
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3.5 

2650.  99 

II 
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10 
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TT 
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8 
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^  \J  1  \j  m   yJ  yJ 
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TT 
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10 
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2879.  49 

II 

X  X 

33147  —  67866 

7 

2673. 37 

II 

32836-70231 

5 

2882!  90 

17452-52129 

7 

2674.  43 

II 

33147-70527 

9 

2886.  68 

II 

33278-67910 

4 

2676  33 

T 

X 

C  ^  -Jj  /         \J\J  /  \J  ^ 

20 

2889  58 

II 

33248-67846 

2680  34 

TT 

X  X 

33248-70546 

7 

2892  39 

II 

X  X 

33248-67812 

c; 

2681  72 

T 

X 

10 

X  yJ 

2900  16 

II 

X  X 

36274-70745 

6 

2683.  02 

I 

5 

2907.  22 

25266-59653 

3  0 

2683  75 

I 

18 

h 

2914.  60 

18402-52702 

7 

2684. 55 

II 

33278-70518 

24 

h 

2925. 57 

18532-52703 

7 

2685. 94 

II 

30523-67744 

3.  5 

2928.  68 
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LjC  ve  i  s 

140 

2933. 06 

II 

9473-43557 

10 

3320.  69 

I 

17282-47388 

3.  5 

2934.  02 

25288  —  59361 

11 

3330.  67 

17452-47467 

190 

2939.  30 

T  T 

II 

9473  —  43485 

110 

3441. 99 

II 

14326-43370 

32 

h 

2940.  39 

I 

18705-52705 

55 

3460.  33 

II 

14594-43485 

^  r\  A  r\  An 

2940.  48 

18705-52703 

55  h 

3474. 04 

II 

^    yi  ^  ys              ii  'x  ^  ^ 

14594-43370 

3474. 13 

II 

14781-43557 

'  8 

2941. 04 

25266-59257 

240 

2949.  20 

II 

9473-43370 

44 

3482. 91 

jj 

14781-43485 

5 

3007. 66 

25281-58520 

28 

3488.  68 

II 

14901-43557 

5 

3011. 16 

I 

25286  —  58486 

22 

3495.  84 

II 

14960-43557 

5 

3011. 38 

25288-58486 

8 

3496.  81 

II 

14781-43370 

3014.  67 

25266  —  58427 

16 

3497.  54 

II 

T    yi           "1                    yi  y^  r~ 

14901-43485 

o 

8 

3016.45 

\ 

25286-58427 

55 

3531. 85 

18402-46708 

9 

3022.  75 

25266-58339 

3532.  00 

I 

18402-46707 

7 

3031.  06 

II 

34762  —  67744 

170 

3532. 12 

I 

18402-46706 

12 

3040.  60 

25281  —58160 

200 

3547.  80 

I 

18532-46710 

3.  5 

3042. 73 

25281  —58137 

170 

3548.  03 

18532-46708 

11 

3043.  36 

\ 

25288-58137 

60 

3548.  20 

{ 

18532-46707 

42 

3044.  57 

I 

17052-49888 

340 

3569.  49 

I 

18705-46713 

15 

3045. 59 

25286  —  58110 

110 

3569.  80 

I 

18705-46710 

26 

3047.  04 

25266  —  58075 

OTTO  /I 

3570. 04 

I 

18705-46708 

5 

3048.  86 

25286-58075 

220 

3577.  88 

T  "7  A  r"  A  yiyiAAyi 

17052-44994 

32 

3054.  36 

J 

17282-50012 

110 

3586.  54 

} 

17282-45156 

18 

I 

17452-50099 

44 

3595.  12 

I 

17452-45259 

22 

3066.  02 

I 

17282—49888 

65 

3607.  54 

I 

TTAAA  /I/lAAyi 

17282  —  44994 

22 

3070.  27 

17452-50012 

65 

3608. 49 

I 

17452-45156 

20 

3073.  13 

17569  —  50099 

55 

3610.  30 

\ 

17569  —  45259 

14 

3079.  63 

J 

17637-50099 

44 

3619.  28 

17637-45259 

8 

3081. 33 

I 

17569-50012 

34 

3623. 79 

I 

17569-45156 

3.  5 

3082. 05 

I 

17452-49888 

22 

3629.  74 

I 

17452-44994 

6 

3097.  06 

I 

27248-59527 

16 

3660.  40 

I 

0  ~7  y  A  A  //I^OA 

37420-64732 

6 

3110.  68 

27201-59339 

11 

0  /  ~7  A      r  A 

3670.  52 

17052  —  44289 

9 

h 

3148. 18 

J 

18403-50158 

11 

3676.  96 

\ 

37631-64820 

14 

h 

3161.  04 

I 

18532-50158 

8 

3682.  09 

I 

37737-64888 

22 

h 

3178.  50 

I 

18705-50158 

32 

3693. 67 

I 

34139  —  61205 

34 

3212. 88 

I 

17052-48168 

20 

3696.  57 

I 

23297-50341 

10 

3216.  95 

0-31076 

8 

3701. 73 

\ 

T'^AAA  yi/lAAA 

17282-44289 

160 

3228.  09 

17052-48021 

24 

3706.  08 

34251-61226 

46 

3230.  72 

I 

17282-48226 

15 

3718.  93 

I 

34344-61226 

130 

3236.  78 

I 

17282-48168 

6 

0  ~7 A  n  on 

3728.  89 

I 

23549  —  50359 

50 

3243. 78 

I 

17452-48271 

15 

0  "7*5  T  0*7 

3731. 93 

I 

41404  —  68192 

100 

3248.  52 

17452-48226 

30 

0  ~7  A  A     A  A 

3790.  22 

{ 

T~7ncA  /ii/iAri 
17052  —  43429 

16 

3251. 14 

\ 

17569-48318 

6 

3799.  26 

17282-43596 

48 

3252.  95 

I 

17569-48301 

12 

3800.  55 

I 

31001-57306 

10 

3254.  04 

I 

17052-47774 

6 

0  A  A  1  AT 

3801.  91 

I 

^:b^:DD  —  Dibbi 

A  O 

4o 

3256. 14 

I 

17569-48271 

360 

0  A  A  /       "7  A 

3806.  72 

I 

1  "7nco     /I n  /I 
i  /Ub^  —  43314 

34 

3258.  41 

17637-48318 

80 

0  A  A  A      f~  0 

3809.  59 

1  /^o^  —  43524 

28 

3260.  23 

J 

17637-48301 

6 

3810.  69 

I 

25281-51516 

28 

3264.  71 

T"7000  /I"7Qr»/I 
1  1  CQC  —  H  /  7U4 

iU 

^olD,  Id 

10 

3296.  88 

17452-47774 

240 

3823.  51 

17282-43429 

10 

3298.  22 

27201-57512 

44 

3823.89 

17452-43596 
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lb 

1  DO  Q    ^  D 

jocy.  DO 

1  ~IKi,Q      A  "2^,71 

i /bbo  —  4^b / J 

O 

/1 1  /I Q  on 
4i4o.  oU 

lAAO'x  cocon 
344^:3  —  bob^U 

36 

3833.  86 

I 

17568-43644 

11 

4176.  60 

I 

34139-58075 

100 

3834.  36 

I 

17452-43524 

9 

4189. 99 

I 

34251-58110 

lb 

1  0*2  Q  "70 

3o3V.  /o 

1  Ibj  1  —  Hjb  1 !) 

c 
D 

/]  o  m   ~i  L. 
4<:Ui.  Ib 

^  A  1  A  A  COII^ 

34344  —  bol3b 

bU 

^o4i. Do 

i /bbo  —  43b7b 

b 

/I  0 1  1     7  C 

4^:ii.  /b 

i/i/ioi  coi^n 
344^3  —  boibU 

^6 

'2  0/11     Q  O 

17/i'27  /ll^,/!/! 

Libit  — 4^b44 

/I  0  "2  C  1/1 

4i:^b.  i4 

OIC/IQ  /171CC: 

^3b47  —  4 /Ibb 

5 

3918.  32 

I 

34139-59653 

38 

4235.  29 

I 

23297-46901 

9 

3926.  47 

I 

31001-56462 

14 

4239.  72 

I 

23720-47299 

b 

•2  Q  C  O     O  /I 
J70d. o4 

^^o^b  —  bVii / 

oo 

£.6. 

/I  O  C7 

4/ib  /.  bb 

OIOIQ  /170QQ 
/l3oi7  —  4  /  li77 

A 

4 

1  Q"7  C  OQ 
^7  /  b.  07 

34o4b  —  b777U 

OO 

/I o A c  oo 
4^bb.  yl 

0'270n       /I  71  cc 

13 1  l\i  — 4/lbb 

b 

■J Q "77  no 

^7  /  /.  UO 

"2/1/1^,  "2  c^Q^nn 
^44b^  —  b7bUu 

on 

/I  o  Di  in 
4z:oi.  iU 

0 1  c /I  Q  /iz-om 
i:3b47  —  4b7Ui 

10 

3982. 58 

J 

25281-50383 

5 

4284.  08 

I 

23819-47155 

11 

3985.  24 

I 

25288-50373 

5 

4312. 55 

I 

23720-46901 

14 

1QO  Ol 

oco/i,^  cn'2/11 
^ib^bb  —  bU341 

"2  C 

3.  b 

/I  "27  /I    Q  C 

43  /  4.  7b 

070/10  cnnoQ 
/ <i4o  —  bUU77 

11 

ioQ~i  in 
J70  /.  1 U 

^b^iob  —  bUJb7 

"2  c; 

f>,  b 

/I  "201  7n 
43oi.  /U 

'20^7n  ^1/lOC 

3ob  / U  —  bi4ob 

inn 
iiU 

/I m  D  in 

/I 
4 

/l/l  1  1  DQ 

44ii.  oo 

■2DnnQ  ^n^^o 
3oUU7  —  bUbbo 

11 

4026.  44 

I 

25266-50095 

26 

4414.  88 

I 

23297-45941 

2000 

4030. 76 

0-24802 

4 

4419. 78 

I 

38120-60739 

i4UU 

n  0/17DD 

U  —  ^4 / oo 

io 

A  A  "XU  1C. 

443b.  3b 

OTC/IQ      A  Ur\QA 

ciOHy —  4bUo4 

oUU 

/I  n  "2  /I  /I  Q 
4U34.  47 

n      OA 77Q 
U  —  tlH  117 

/i/i  c;i  CO 
44bi. b7 

0*2007  AC,~tZiA 
cjly  1  —^D  IDH 

Tin 

IIU 

/I  n  1  n  "7 1 
4U^b.  ij 

17000  /ionc/1 
i  /  Zoc  — 4^:Ub4 
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i<: 

/]  /I  c  1  nn 
44b3.  UU 

0'27on  /i^i7n 
/ Iv  —  4bi  /U 

4 

4038.  73 

I 

30354-55108 

10 

4455. 01 

I 

24779-47220 

420 

4041.  36 

17052-41790 

12 

4455.  32 

I 

24779-47218 

ib  a 

4U4b. 

Q 
O 

/I /I c c  00 
44bb.  oc. 

0/177Q  /1701i. 

^4  /  ly  —H 1  cLb 

/I  n/i  r;  o i 
4U4b. 

'2/I1'2Q  I^DQI^'2 

j4i^7  —  boob^ 

A 

4 
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0/1  7DQ      /I  701  Q 
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oU 
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4U4c5.  lb 

1  7/1  CO      /I  01  /I  /I 

i / 4b^  — 4^144 
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ib 

44b  /.  bb 

0/17QD  /I701^ 

z:4/oo  — 4/^ib 

6 

4049.  00 

J 

35041-59732 

20 

4458.  26 

I 

24788-47212 

4 

4051. 73 

I 

4 

4460.  38 

I 

24802-47216 

b 

/I  n  c  o   /1 7 
4Ub^:.  4  / 

j 

ici  1  c  c;q7d/i 
^bl ib  —  b7 /o4 

1  T 
ii 

/I  /I  /,T  no 
44bi.  Uo 

o/iono  /17010 
^4oUz:  —H  1  did 

ii 
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4Ubb.  /li 
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^bibb  —  b7oio 

ID 

A  A ^o  no 

HHbl. Vl 

o/iono  /i7on7 
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1  /I  n 
i4U 

/I  n  c  c   d  /I 
4Ubb.  b4 

170D0      /11Q  1'X 
i  1  col  — 4i7^^ 

OO 

cc 

A  AUA  UQ 

44b4.  bo 

OIC/IQ  /lCQ/11 

^:3b47  —  4b74i 

16 

4057.  95 

I 

24779-49415 

15 

4470.  14 

I 

23720-46084 

80 

4058. 93 

I 

17569-42199 

10 

4472. 79 

I 

23819-46170 

11 

4Ub7.  jy 
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^4 /oo  — 474ib 
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44/7. 4U 

bb 

A  HLl  7/1 
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1 1 
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447U.  Uo 
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bb 
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4Ud3.  bJ 

iT/ico  /lonc/i 
i  /4b^  —  4/iUb4 

io 

/I /I Q 0  on 

4470.  7U 

oil  0  r\  /icQ/11 
i:3  /^U  —  4b741 

6 

4065.  08 

I 

34251-58843 

18 

4502. 22 

I 

23549-45754 

6 

4068.  00 

I 

17569-42144 

6 

4605.  36 

I 

38120-59828 

/I  n 7n   o  o 
4U  /  U. 

i  /b^  /  — 4z:i77 

b 

A  LO  U     C  /I 

4bz:b.  b4 
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30UU7  —  bVbi / 

bb 

/I  n7Q     O  /I 
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17000  /117Qn 

i  /^o^  —  4i /VU 

o  c 
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bb 

/I  n7Q    A  o 

4U  /  v.  4^ 

17i.'27  /101/1/1 

i  /  b^  /  —  4/1  i44 

/I 
4 

/1 7  ni   1  A 
4  /  Ui.  ib 

OIC/IQ  /I/IQIC 

^:3b47  —  44oib 

80 

4082. 94 

I 

17569-42054 

13 

4709. 72 

I 

23297-44524 

80 

4083. 63 

I 

17452-41933 

14 

4727.  48 

I 

23549-44696 

b 

A  noQ    Q  /I 
4U07. 74 

•2 /I /I  O  "2  C00^7 

344/1^  —  boob  / 

1  n 
lU 

/I  7  "2  Q  11 
4  /  37.  ii 

0'270n  /1/101C 

c3  1  44oib 

/I 

4 

/line  1  ^ 
41Ub. 

on 
oU 

/1 7 c /I  n/1 
4  /  b4.  u4 

lo/im  iQ/in 
io4U3  —37431 

ib 

Alia  on 
4iiU.  7U 

1AQ1Q  C.QOC.I 

1  /I 
i4 

/I  7  ^  1  C2 

4 /bi.  b3 

OIOIQ  /I/101C 

^3oi7  —  44oib 

11 

4131. 12 

I 

34139-58339 

60 

4762. 38 

I 

23297-44289 

9 

413b.  U4 

■l/lOCI  C0/107 

34251  —  bo4/i  / 

O  /I 

24 

4765.  86 

23  /2U  —  44696 

6 

4141.  06 

34344-58486 

40 

4766. 43 

23549-44524 

4 

4147. 53 

27202-51306 

75 

4783.  42 
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80 

4823. 52 

T 

18705-39431 

0.  7 

5573. 68 

T 

35165-53101 

2.0 

4844!  32 

I 

31001-51638 

0.  6 

5738!  29 

I 

34139-51561 

3.  0 

4965.  88 

23297-43429 

0.  6 

5780.  19 

34251-51546 

1  6 

5004  91 

23549-43524 

0.  6 

5816  84 

34344-51531 

2  5 

5074. 79 

J 

27202-46901 

12 

6013  50 

T 

24779-41404 

5117  94 

J 

25281-44815 

17 

6016  64 

\J\J  A,  \J  %    \J  ~ 

T 

24788-41404 

4 

5150.  89 

I 

25288-44696 

24 

6021.  80 

I 

24802-41404 

4 

5196.59 

25286-44524 

0.  6 

6384.  67 

30426-46084 

7 

# 

5255  32 

25266-44289 

1.4 

6440.  97 

30420-45941 

5341  06 

J 

17052-35770 

2.  0 

649l! 71 

T 

30354-45754 

5349  88 

T 

43314-62001 

1.  2 

h 

6942. 52 

T 

41789-56190 

8 

5377.  63 

I 

31001-49591 

1.  0 

6989!  96 

I 

42054-56356 

8 

5394.  67 

0-18532 

1.  2 

7069.  84 

37420-51561 

4 

c^gg  4g 

31076-49591 

1.  0 

7184. 25 

37631—51546 

B 

o 

1^407  42 

J 

17282-35770 

0.  8 

7247  82 

J 

"ill  31  —  5151)1 

541 3  69 

J 

311  25  —  49591 

2.  0 

h 

12^2).  82 

J 

35690-49415 

7 

5420.  36 

I 

17282-35726 

3.  0 

h 

7302! 89 

I 

35726-49415 

3.0 

5432. 55 

0-18402 

4.  0 

7326.  51 

35770-49415 

1  n 

S457  47 

17452-35770 

1.0 

7680  20 

44289-57306 

c; 

5470  64 

J 

17452-35726 

0.  8 

7712. 42 

T 

44524-57486 

5481  40 

J 

17452-35690 

0.  8 

h 

7764.  72 

T 

43314-56190 

2.5 

5505.  87 

I 

0.  8 

h 

8670!  92 

I 

35690-47220 

4 

5516.  77 

17568-35690 

1.0 

h 

8672. 06 

35690-47218 

J. 

5537  76 

17^37  —  31;  ^,gn 

1.  1  \J  -y  1        ^  ^  \J  /  \J 

0.  8 

h 

8673.  97 

35690-47216 

1.  8 

5551. 98 

44289-62295 

1.0 

h 

870l! 05 

35726-47216 

0.  7 

5567.  76 

44523-62479 

1.4 

h 

8703.  76 

35726-47212 

0.  6 

5573.  01 

35165-53103 

2.  5 

h 

8740.  93 

35770-47207 
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MERCURY 

Hg,  Z=80,  M=200.61,  Ratio  ^=3.157 

Hgi  Normal  state  of  valence  electrons  5rfi°6s^  iSo  =0.  I.P.=  84184K 
Hg  II  Normal  state  of  valence  electrons  dd^'^^s^  %h=0.    I.P.  =  151280K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Hg  I,  K.  Burns,  K.  B.  Adams,  and  J.  Longwell,  J.  Opt.  Soc.  Am.  40,  339  (1950). 
Intensities : 

R.  Ladenburg  and  G.  Wolfsohn,  Z.  Physik  65,  207  (1930). 
J.  W.  Schouten  and  J.  A.  Smit,  Physica  10,  661  (1943). 


Relative  intensity  of  mercury  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  mercury 


Strong  lines  of  mercury 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

k 

1500 

2536.  52 

I 

0-39412 

5dW6s2      iSo— 5dio6si6pi  'Pf 

400 

4358.  35 

I 

39412-62350 

5rf'<'6s'6p'  sPf— 5rfi»6si7si  'Si 

Mercury  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

1500 

2536.  52 

0-39412 

30 

3654.  83 

44043-71396 

6 

2752. 78 

37645-73961 

8 

3662. 88 

44043-71336 

10 

2893. 60 

39412-73961 

24 

3663.  28 

44043-71333 

120 

2967.  28 

37645-71336 

180 

4046.  56 

37645-62350 

20 

3021.  50 

44043-77129 

12 

4077.  81 

39412-63928 

40 

3125.  66 

39412-71396 

400 

4358.  35 

39412-62350 

32 

3131.55 

39412-71336 

320 

5460. 74 

44043-62350 

32 

3131.83 

39412-71333 

24  hs 

5769.  59 

54069-71396 

6 

3341.  48 

44043-73961 

28  h 

5790.  65 

54069-71333 

280 

3650. 15 

44043-71431 
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MOLYBDENUM 


Mo,  Z=42,  M=95.95,  Ratio  ^=1.510 

Cu 

Mo  I  Normal  state  of  valence  electrons  4:d^5s^  ^83  =0.  I.P.=  57260  K 
Mo  II  Normal  state  of  valence  electrons  4rf5     ®S2^=0.    I.P.  =  130300  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley 

Sons,  New  York,  1939). 
Supplemented  by  Kiess,  cited  below. 

Classification : 

Mo  I,  C.  C.  Kiess,  unpublished  material. 

Mo  II,  C.  C.  Kiess,  J.  Research  NBS  60,  375  (1958). 

Intensities : 

E.  I.  Nikonova  and  V.  K.  Prokofiev,  Optika  i  Spektroskopiya  1,  290  (1956). 


Relative  intensity  of  molybdenum  lines  observed  in  an  arc  of  copper  containing  0.1 

atomic  percent  of  molybdenum 


Strong  lines  of  molybdenum 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

3200 

3798. 

25 

I 

0-26320 

4d55s'  0  7S3  - 

— 4d«  5pi 

z 

'P| 

2800 

3864. 

11 

I 

0-25872 

4d^5s'a  %  - 

-4^5  5p> 

2 

7po 

1800 

3132. 

59 

I 

0-31913 

4d55sia  'S3  - 

-4d*5s'5p' 

V 

'P| 

1800 

3902. 

96 

I 

0-25614 

4d55si  0  '83  - 

— 4d5  5pi 

z 

'Pi 

1100 

01  iV. 

60 

0-31533 

^U'^OS   d   'O3  - 

y 

7P» 
^3 

950 

3193. 

97 

I 

0-31300 

4d55s'  a  'S3  - 

— 4d<5si5pi 

V 

'P2 

750 

3158. 

16 

I 

0-31655 

M^bs^a  'S3  - 

— 4d^5si5p' 

z 

'D5 

480 

5506. 

49 

\ 

10768-28924 

4d55sia  %  - 

— 4rf5  5pi 

z 

5P| 

400 

3447. 

12 

12346-41348 

4d*5s2a5D4  - 

— 4d=  5p' 

y 

380 

3208. 

83 

0-31155 

4d55si  a  'S3  - 

— 4d^5s^5p' 

z 

'Dl 

320 

5533. 

05 

10768-28837 

4d55sio  - 

— 4d5  5p' 

z 

280 

4143. 

55 

3384. 

62 

4d<5s2a5D3  - 

-4d5  5pi 

y 

240 

4188. 

32 

/  4411. 

57 

16784-39445 

4d55si  a  sGe  - 

-4d5  5p' 

z 

'GS 

240 

1  4411. 

70 

16785-39445 

4d55si  a  - 

-4d5  5pi 

z 

=G| 

220 

2775. 

40 

II 

13461-49481 

4d45si  a  eD4H- 

-4rf^  5pi 

z 

*PlH 

220 

2816. 

15 

II 

13461-48960 

4d^5si  a  9D4H- 

— 4d^  5pi 

z 

220 

2848. 

23 

II 

12900-47999 

4d«5si  a  6D3H- 

— 4d^  5pi 

z 

220 

2871. 

51 

II 

12417-47232 

4d^5s'  a  6D2H- 

— 4d4  5pi 

z 

220 

4069. 

88 

I 

16784-41348 

4d55si  a  sGs  - 

-4d5  5p» 

y 

200 

3358. 

12 

I 

11454-41224 

4d*5s2  a  - 

-4<i5  5pi 

y 

180 

4381. 

64 

I 

16784-39600 

4d55si  a  sQe  - 

-4(i=  5p' 

2 

170 

3112. 

12 

I 

0-32123 

Ad^bs^a  'S3  - 

-4d*5si5pi 

2 

'D| 

170 

3581. 

89 

I 

16785-44695 

4ds5s»  a  sQs  - 

-4d^5si5pi 

y 

170 

3624. 

46 

I 

16748-44330 

4d55si  0  - 

-4d*5si5p' 

z 

=I| 

160 

2890. 

99 

II 

12034-46614 

4d45si  a 

-4d4  5pi 

z 

160 

2923. 

39 

II 

12417-46614 

4d<5s'  a  6D2H- 

-4d«  5pi 

z 

«F?H 

160 

3344. 

75 

I 

11143-41032 

4d<5s2a5Dj  - 

-4d5  5pi 

y 

160 

3405. 

94 

I 

160 

3694. 

94 

I 

16641-43698 

4d55si  a  - 

-4d<5s'5pi 

y 

5H§ 

160 

3833. 

75 

I 

12346-38423 

W'bs^a^Di  - 

-4d^5si5pi 

2 

150 

5570. 

45 

I 

10768-28715 

5d55s'a  - 

-4d5  5pi 

2 

5pj 

140 

2911. 

92 

II 

12900-47232 

4d<5si  a  6D3H- 

-4d*  5pi 

2 

«F§H 

140 

2930. 

50 

II 

12034-46148 

4d*5si  a  6Dij^- 

-4rf<  5pi 

2 

«Ff^i 

140 

3233. 

14 

I 

16784-47705 

4d55si  a  sGs  - 

-4d^5si5pi 

y 

=G§ 

140 

3289. 

02 

I 

11454-41850 

4d<5s2a5D2  - 

-4(i5  5pi 

y 

3F5 

/  3680. 

60 

I 

16784-43946 

4d55si  a  sGe  - 

-4d5  5pi 

z 

3G| 

140 

I  3680. 

68 

I 

16785-43946 

4d55s'  a  sGs  - 

-4(i5  5p> 

2 

'Gl 

140 

4232. 

59 

I 

16748-40367 

4d55sia5G4  - 

-4d5  5p' 

2 
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Molybdenum 


—  All  Observed  Lines 


Intensity 
3.nci 

\^xldi±  diK^  Lex 

Wave- 

•in  A 
ill  T\ 

Spec- 
trum 

Energy 

111  x\. 

Intensity 

and 
Character 

Wave- 
in 

Spec- 
trum 

Ene  r  gy 
Levels 
m  jts. 

18 

2015. 11 

II 

0-49609 

o 
O 

2482.  57 

II 

23934-64203 

40 

2020  30 

II 

0-49481 

5 

2484.  75 

II 

23934-64168 

24 

2038.  44 

II 

0-49041 

5 

n 

2485. 31 

24 

2045.  98 

II 

0-48861 

3.  0 

2496. 24 

II 

22444-62492 

9 

2081.  68 

II 

0-48022 

11 

2498.  28 

II 

15691-55706 

5 

2089.  52 

II 

15199-63041 

2500. 44 

II 

22444-62425 

5 

2092. 50 

II 

15331-63105 

8 

2502  84 

II 

12900-52843 

9 

2093. 11 

II 

15447-63207 

6 

V, 

n 

2508.  67 

7 

2100.  84 

II 

15428-63012 

6 

2509. 56 

I 

12346-52182 

4 

2104.  29 

II 

15447-62954 

6 

2511.  80 

II 

12417-52217 

3.  5 

2108.  02 

II 

23248-70670 

4 

2513.  33 

7 

2269.  69 

II 

15447-59492 

8 

2515.  08 

II 

22980-62728 

4 

2304.  25 

II 

27627-71011 

3 

2515.  66 

12346-52085 

4 

2306.  97 

II 

15427-58761 

6 

h 

2517.  46 

I 

11454-51165 

4 

2325.  94 

I 

12346-55328 

3.  0 

2517.  83 

I 

8 

2330.  46 

I 

12 

n 

2524.  81 

11454-51049 

4 

2332  12 

11 

15330-58197 

9 

2527.  14 

24836-64395 

7 

2340.  47 

I 

6 

2530.  34 

II 

24659-64168 

7 

2341.  59 

II 

15199-57892 

9 

2532.  31 

II 

22864-62342 

3.5 

2352.  61 

I 

12346-54839 

9 

2536.  85 

I 

12346-51753 

3.5 

2355.  22 

I 

11143-53589 

55 

2538.  46 

13461-52843 

3  5 

2355.  42 

II 

15699-58141 

6 

2539.  44 

24509-63877 

3.5 

2364.  37 

I 

11454-53736 

14 

h 

2540.  45 

I 

11859-51210 

2.5 

2366.  09 

II 

15890-58141 

42 

2542. 67 

II 

12900-52217 

7 

2372.  27 

I 

11454-53595 

8 

2543. 35 

I 

11859-51165 

6 

2380.  41 

I 

11859-53855 

5 

2543.  61 

22444-61746 

9 

2383.  52 

I 

11859-53800 

42 

2548.  22 

10768-49999 

7 

2389.  20 

II 

23853-65695 

14 

n 

2550.  85 

I 

11859-51049 

10 

2403. 61 

II 

23833-65425 

8 

2555. 42 

II 

23833-62954 

6 

2404.  66 

II 

24509-66082 

5 

2556.  75 

II 

23853-62954 

10 

2405. 86 

I 

10 

2558.  88 

24836-63904 

3  0 

2408.  39 

I 

12346-53855 

2558.  94 

11858-50926 

3.  5 

2412. 84 

II 

22444-63877 

o 
O 

2562. 08 

II 

27725-66744 

10 

2413.  01 

II 

15890-57320 

11 

2564.  34 

II 

25342-64326 

6 

2415. 33 

I 

12346-53736 

5 

2566.  26 

II 

12417-51373 

7 

2417.  96 

II 

16796-58141 

32 

2567.  05 

10768-49712 

6 

2419.  01 

II 

23934-65261 

^  IT 

2.  5 

2571.  45 

jj 

26406-65282 

7 

2420.  18 

II 

24138-65444 

40 

2572.  34 

I 

12346-51210 

7 

2424.  00 

II 

23833-65075 

6 

2574.  42 

II 

12900-51732 

7 

2430.  43 

I 

12346-53479 

5 

2575.  77 

I 

11858-50670 

7 

2435.  96 

II 

22864-63904 

5 

2576.  56 

24138-62937 

7 

2440.  28 

11 

17174-58141 

5 

2578.  36 

26488-65261 

5 

2461.  81 

II 

24836-65444 

12 

2578!  77 

I 

11858-50625 

6 

2466.  68 

II 

22864-63392 

32 

2582. 16 

I 

10768-49484 

6 

2466.  97 

II 

16796-57320 

4 

2585.  95 

II 

23833-62492 

6 

2468.  78 

II 

23833-64326 

8 

2588.  78 

23934-62551 

4 

2470.  04 

II 

23853-64326 

5 

2591.  77 

n 

23853-62425 

19  h 

2471. 97 

I 

10768-51210 

9 

2591. 98 

11143-49712 

9 

2477.  57 

II 

26041-66391 

32 

2593.  70 

II 

12034-50577 

9  h 

2481. 81 

I 

10768-51049 

13 

2595. 40 

10966-49484 
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Molybdenum 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 

A 

m  A 

Spec- 
trum 

Energy 
Leveis 
m  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

2596.  77 

21343-59841 

2.5 

2673.  84 

I 

cDv  1  ,  C.L. 

1  n7AR  —  ilQP^Q 
XU/DO  —  HvtDv 

9A7fi  A7 
C.O  1  O,  Of 

T 
1 

1 1  /m/i    /I  Q77  c; 

ii'+D't  —  Ho  /ID 

5 

2597.  38 

II 

23853-62342 

130 

2679.  85 

I 

12346-49651 

6 

2599. 64 

I 

12346-50802 

12 

2681.  36 

II 

23833-61116 

10 

2601.  69 

I 

4 

2682.  62 

I 

11143-48409 

32 

2602. 80 

II 

11783-50192 

80 

2683.  23 

II 

11783-49041 

J,  -> 

1  n7AR  —  Z1Q1  M 

Tin 

1 1  u 

C.OOH,  IH 

T  T 

ljHoi.  —  du  /Uo 

5 

2605.  08 

II 

26739-65115 

70 

2687.  99 

II 

12417-49609 

5 

2605.  93 

II 

17344-55706 

6 

2688.  64 

I 

21343-58526 

32 

2607.  37 

I 

11143-49484 

4 

2692. 61 

II 

27725-64852 

4 

2608.  86 

20930-59250 

3.5 

2693.  04 

I 

12346-49468 

^  Dl  1.  ^  U 

^«  3 

T 
I 

36 

2613. 08 

I 

11454-49712 

7 

2695.  22 

II 

23833-60925 

16 

2615.  39 

I 

10966-49190 

8 

2696. 07 

I 

10768-47848 

50 

2616.  78 

I 

11143-49346 

4 

2696.  83 

II 

33601-70671 

9 

2619. 34 

II 

11783-49949 

11 

2697.  81 

I 

10966-48022 

1  o 

o^^o^  07 

HOD  7  —  H7777 

7 
/ 

OAqq  A^ 

C.07V,  H  L 

T  T 
X  1 

00 AAA  _  C,QA1Q 
C.C.HHH  —  DyH  1  0 

40 

2627.  55 

I 

11143-49190 

8 

2700. 21 

I 

12346-49370 

20 

2628.  74 

I 

11454-49484 

17 

2701. 03 

I 

11858-48870 

10 

2628.  97 

I 

11143-49169 

60 

2701.  42 

II 

12034-49041 

55 

2629.  85 

11454-49468 

4 

2701.  87 

II 

26041-63041 

Q 
O 

0     1   c;  n 

COJl.  DU 

iUvOD  —  Hoy  00 

/I 

C.  1  \JH,   7  J 

T  T 

'^'^nAc;  7nnn/i 
J  j\jHd  —  /  UUUH 

9 

2635. 57 

I 

11859-49790 

6 

2705.  24 

I 

11454-48409 

42 

2636.  67 

II 

12034-49949 

12 

2706.  12 

I 

11143-48085 

32 

2638.  30 

I 

11454-49346 

6 

2709. 25 

I 

90 

2638.  76 

II 

12417-50302 

5 

2710.  19 

II 

15330-52217 

t 

o 
o 

971 n  lA 

T 
1 

111  A'K  —  AQn99 

4 

2639.  68 

I 

4 

2711.  49 

II 

23833-60702 

10 

2640.  28 

I 

6 

2712. 35 

II 

33146-70004 

52 

2640.  99 

I 

11859-49712 

24 

2713.  51 

II 

13461-50302 

5 

2643. 81 

11143-48956 

6 

2715.  17 

I 

10768-47588 

T  T 
1 1 

1 oq  nn  —  ^n7nA 

1  n 

971  7   1  A 

T 
1 

4 

2Mb.  79 

36 

2717.  35 

II 

15428-52217 

46 

2646.  49 

II 

12417-50192 

10 

2720.  17 

I 

11454-48206 

4 

2647.  25 

I 

10768-48532 

14 

2724.  41 

I 

16784-53479 

4 

2649.  25 

11454-49190 

22 

2725. 15 

I 

11143-47827 

on 

9AAQ  AA 
^DtV.  HO 

1 1  Qc;q  —  /iqcLqi 

o 

070c  qc 

T 
1 

1 1  Qt;q  _  arc;'?  9 

llOj  /  —  HOD  DC 

5 

2650.  68 

I 

11454-49169 

3.  5 

2726.  65 

I 

21154-57818 

60 

2653.  35 

II 

12900-50577 

11 

2726.  97 

II 

26069-62728 

70  h 

2655.  03 

I 

12346-49999 

2.0 

2728.  34 

I 

5 

2655.  93 

I 

10768-48409 

11 

2728. 70 

I 

11143-47779 

c 
D 

iiit^  —  Ho  1  1 D 

7 
1 

979q    1  "X 

T 
1 

1  1  A^A  —  ARnRc; 

36 

2658.  11 

I 

11859-49468 

17 

2729. 68 

II 

12417-49041 

80 

2660.  58 

II 

12034-49609 

10 

2730. 20 

II 

26488-63105 

14 

2665. 10 

I 

11859-49370 

42 

2732.  88 

II 

12900-49481 

6 

2666.  75 

11859-49346 

32 

2733.  39 

I 

11454-48028 

8 

2670.  32 

J 

10768-48206 

3.5 

2735.  65 

I 

16784-53327 

7 

2671. 83 

II 

15427-52843 

3.0 

2735.  88 

I 

11858-48399 

90 

2672. 84 

II 

12900-50302 

3.  5 

2736.  42 

I 

18356-54889 

32 

2673.  27 

II 

15447-52843 

20 

2736.  96 

II 

15691-52217 
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Molybdenum 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Char  acte  ] 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

1  n 
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16784  —  47705 

12 

3136.  46 

{ 

16748-48622 

24 

3235.  38 

I 

12346-43246 

6 

3136.  75 

23516-55387 

120 

3237.  08 

20281-51165 

14 

3138.  72 

II 

26041-57892 

14 

3237.  98 

16784-47659 

7 

3144.34 

24 

3240.  49 

12346-43197 
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Molybdenum 


—  All  Observed  Lines 


Intensity 
Character 

Wave- 
length, 
in  A 

Spec- 
trum 

Energy 
Levels 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

8 

3240.  71 

II 

17174-48022 

120 

3363.  78 

10768-40488 

A 

3244  47 

1  8356-491  69 

8 

(J 

3369  25 

8 

3245. 92 

I 

27727-58526 

8 

3375.  22 

I 

18229-47848 

8 

3249.  92 

I 

16641-47402 

8 

3375.  65 

I 

21619-51234 

120 

3256.  21 

I 

11454-42156 

16 

3378.  20 

I 

11143-40736 

14 

3259.  16 

J 

24466-55140 

16 

3378.  46 

25549-55140 

3260  48 

16748-47409 

1  20 

3379  gy 

\ 

1 1  454-41  032 

38 

3262. 63 

I 

16641-47282 

8 

3382. 29 

I 

11454-41012 

14 

3263.  83 

I 

10768-41398 

40 

3382.  48 

I 

11143-40699 

60 

3264.  40 

I 

16785-47409 

240 

3384.  62 

I 

11859-41396 

16 

3265. 14 

J 

8 

3385.  88 

26636-56162 

1  on 

3270  90 

1 1  859  —  42422 

1  2 

3387  75 

1 1  454  —  409A4 

8 

3279.  44 

I 

16692-47177 

20 

3389.  80 

I 

18356-47848 

3.  0 

3285.  02 

I 

10966-41398 

12 

3392.  17 

I 

21154-50625 

4 

3285.  36 

I 

16748-47177 

20 

3393.  65 

I 

21343-50802 

8 

3287.  38 

J 

16641-47052 

16 

3395. 36 

II 

36289-65732 

1 40 

3289  02 

1 1454  —  41  850 

20 

3397  La 

m  43  —  40566 

XXX*T.-/  •t«J_^UU 

24 

3289.  84 

I 

16784-47172 

16 

3402. 81 

I 

27766-57144 

120 

3290.  82 

I 

11858-42237 

8 

3403. 35 

I 

11454-40829 

24 

3292. 31 

II 

25342-55706 

80 

3404.  34 

I 

11859-41224 

16 

3294.  85 

11143-41484 

8 

3405.  20 

18229-47588 

1 

J.  J 

3296  40 

1 1  858  —  421  86 

1  60 

X  U  *J 

3405  94 

13 

3303.  34 

I 

16693-46956 

30 

3418.  52 

I 

11454-40698 

22 

3304.  22 

I 

11143-41398 

6 

3418.  96 

I 

20350-49591 

40 

3305. 56 

I 

10768-41012 

32 

3420.  04 

I 

18356-47588 

16 

3305. 90 

21619-51859 

24 

3421.  25 

J 

10768-39989 

3307  12 

T 1  859  —  42088 

32 

3422  31 

201  58  —  49370 

20 

3310.  77 

I 

10768-40964 

3424.  60 

I 

10768-39960 

12 

3312.  33 

I 

16693-46874 

12 

3424.  76 

I 

16748-45939 

13 

3313.  62 

II 

28884-59053 

12 

3425.  19 

I 

20281-49468 

16 

3319. 59 

16693-46808 

16 

3425.  48 

\ 

16784-45969 

1 A 

J.D 

1  ^641  —46755 

XUU"X  T^Uf_^_/ 

1  6 

3426  00 

1  8229  —  47409 

24 

3320.  90 

II 

25112-55216 

20 

3426.  79 

I 

11859-41032 

80 

3323.  95 

I 

12346-42422 

10 

3427.  90 

I 

27727-56891 

45 

3325.  67 

I 

10768-40829 

12 

3432. 87 

I 

16748-45870 

45 

3327. 30 

10966-41012 

12 

3434.  04 

\ 

11454-40566 

Q 
O 

3329  04 

48 

3434  79 

11859-40964 

8 

3331. 40 

I 

16748-46756 

40 

3435.  45 

I 

25639-54739 

16 

3336.  51 

I 

18229-48192 

80 

3437.  22 

I 

16785-45870 

30 

3340.  17 

I 

10768-40698 

32 

3438.  87 

I 

10966-40037 

12 

3343. 72 

32 

3441.  44 

} 

12346-41396 

1  An 

J 

1  1 1  43  —41  032 

8 

3442  66 

20130-49169 

12 

3346.  40 

II 

25342-55216 

32 

3443.  26 

I 

11454-40488 

40 

3347.  02 

I 

11143-41012 

12 

3445. 04 

I 

20350-49370 

8 

3349.  19 

I 

18356-48206 

24 

3445.  26 

I 

16693-45710 

16 

3350.  30 

12346^42186 

16 

3446. 08 

II 

23833-52843 

16 

3354.  99 

10768-40566 

400 

3447.  12 

12346-41348 

200 

3358.  12 

11454-41224 

80 

3449. 07 

11859-40844 

32 

3361.  37 

12346-42088 

12 

3449. 85 

20281-49259 

16 

3362.  37 

10966-40698 

38 

3451. 75 
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Molybdenum 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

32 

3452. 60 

iOii<:7  —  4  /io4 

0 
0 

•7  C  0^  0^ 

35o6.  86 

25456  —  52327 

13 

3454.  22 

\ 

16693-45635 

13 

3588.  95 

{ 

20350-48206 

24 

3456.  15 

I 

18356-47282 

25 

3590.  74 

I 

20350-48192 

120 

3456.  39 

U  —28924 

8 

3592. 02 

16693  —  44525 

8 

3458.  15 

2U281  —  49190 

13 

3595.  55 

20281  —48085 

20 

3459.  92 

11143  —  4003  / 

0 
0 

3595.  11 

on/no  /loyiiT 

20608  —  48411 

16 

3460.  23 

J 

18356-47248 

26 

3598.  88 

I 

25549-53327 

8 

3460.  78 

I 

16748-45635 

12 

3600.  28 

I 

16693-44461 

40 

n     0  0  0  '2Z. 

1  A 

34 

^ no   Q >i 

onooT  /lonoo 
^O^ol — 4o0^o 

8 

3466.  97 

18229  —  4/064 

0 
0 

•2^n  yi  n"7 

25997  —  53/36 

32 

3467.  85 

18356  —  47184 

26 

'2 ^ n 0  i~7 
360o.  3  / 

11454  —  39160 

40 

3469.  22 

J 

16641-45458 

17 

3612.  00 

I 

20350-48028 

8 

3469.  63 

I 

24823-53637 

13 

3612.45 

I 

20948-48622 

'I  /I 

24 

3470.  92 

lc>4oO  —H  1  coZ. 

1  / 

3613. 3  / 

T  1  A  C  A  '2mOO 

11454  —  39122 

8 

3473. 22 

16641  —  45425 

13 

3613. 64 

^:1154  — 4ool7 

24 

O  ^  "7  C      A  '3 

3475.  03 

lo4oU  — 4/^4o 

Q 

0 

^olD.  Id 

22 

3479. 43 

{ 

16693-45425 

8 

3615. 74 

I 

20130-47779 

13 

3480.  09 

I 

18229-46956 

9 

3616.  84 

I 

18229-45870 

13 

3481.  79 

om  CO  /ioo~7n 
20158  —  488/0 

25 

'2     0  '2     0  "2 

3623.  23 

J 

24 

o  /I  o  o    yi  A 

3482.  40 

llo59  —  40566 

1  /O 

'2        /I     /I  ^ 

JdZ4.  4b 

1d/4o  — 44^JU 

12 

3483.  6/ 

LodiLy  — 4ov^:o 

/1 0 
4^1 

tW^U    1  Q 

jd<:d.  lo 

10*2/1^  "2001^. 

1/:^4d  —  ^77lD 

24 

3483.  84 

I 

18356-47052 

8 

3628.  35 

I 

20158-47711 

30 

3485.93 

I 

11143-39821 

13 

3628.  66 

I 

16641-44192 

16  a 

O  ^  Q  1  -7-7 

T  0/1  on     A  "71  T  n 
lo4oU  — 4 /IIU 

1  n 
3.  0 

•2^00  '21 

35^9.  31 

3491.  o7 

llo58  —  40488 

3.  5 

3635.  14 

T  T 

11 

0  C '2 /I  0       C  0  0 /I '2 

25342  —  52843 

16 

0  yi  AO     "O  yi 

3493.  34 

1^:^40-40904 

130 

'2^  ^2  C     /I  ^2 

3635.  4J 

1dd73  —  44l7z: 

100 

3504.  41 

18229-46756 

8 

3637.  52 

11143-38626 

30 

3505.  32 

20350-48870 

20 

3638.  20 

I 

18356-45835 

70 

0  c  n  0  TO 

1^^4d  —  4Uo44 

1  / 

^o4U.  fa^ 

/1U75I  — 4o411 

13 

0  C  T  A     "7  0 

3510.  78 

28241  —bo  III 

12 

'2     /I  n  QQ 

3640.  99 

om  ic\     Ai coo 
20130  —4/588 

13 

3513.  70 

18356  —  46808 

9 

'2^/10  on 
3642.  20 

20951  —48399 

16 

3517.  56 

} 

25517-53938 

9 

3648.  61 

} 

16641-44041 

16 

3518.  22 

I 

18480-46895 

17 

3651.  35 

I 

11143-38522 

60 

*3  c  n     yi  n 

3521.  41 

OATCO  yiocyi"7 
ZOIdo  ~4od4  / 

50 

1^C~7     '2  C 

365  /.  35 

16641  —43*7/^) 

8 

3522.  37 

9 

■2  ^    n  QO 

3660.  92 

Z6336  — 53644 

13 

3524.  23 

11454  —  39821 

22 

"2        1      "7  0 

3661. 78 

11858  — 3916U 

24 

3524.  65 

25821-54184 

17 

3662.  99 

{ 

25906-53198 

30 

3524. 98 

I 

18229-46590 

17 

3663.  30 

I 

20948-48238 

80 

0  C  Q  "7  00 

3537.  28 

7 

'2  z.  ^  yi    "2  n 
3664.  30 

16693  —439/5 

40 

0  IT  yi  0    1  ~7 

3542.  17 

18229  —  46452 

60 

3664.  81 

18356  —  45635 

12 

1  C  [T  /I  OA 

3554.  20 

20281—48409 

32 

0  ^  ^  ^  "70 

3666.  72 

\ 

16/48  —  44012 

8 

3555.  43 

\ 

20281-48399 

12 

3666.  94 

11858-39122 

65 

3558.  10 

I 

18356-46453 

7 

3668.  00 

I 

20951-48206 

50 

3563.  14 

11859  —  39916 

8 

3668.  49 

OAT  CO      yi  "7 yi  A 0 

8 

3563.  76 

19970  —  48022 

24 

*y  /  An    0  yi 

3669.  34 

21154  —  48399 

38 

0  rr  /  /  AC 

3566.  05 

20158  —  48192 

4 

0    "7  n    >i  0 

3670.  42 

20350  —47588 

30 

3570.  65 

I 

25639-53637 

65 

3672.  82 

I 

26636-53855 

40 

3573.  88 

18480  —  46452 

10 

3675.  36 

25997  —  53198 

14 

3580.  54 

28241-56162 

2.5 

3675.  98 

18229-45425 

170 

3581.  89 

16785-44695 

10 

3676.  24 

20130-47324 

609065  O  -  62  -  13 
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Intensity 

and 
Character 

Wave- 

length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

10 

3677.  70 

I 

9 

3735.  62 

I 

25906-52667 

140 

7Af!n  AD 
^bdU.  DU 

1  n 

■2  ■7-2  C  Ql 

ZU^dU  —4  /ilU 

3680.  68 

I 

16785-43946 

3.0 

3736.  17 

{ 

20281-47039 

1  n 

1  U 

d 

3681. 55 

I 

20930-48085 

20 

3737.  91 

I 

16784-43530 

3681. 72 

I 

20158-47311 

3.0 

3740.  76 

I 

18356-45081 

5 

3684.  22 

II 

36741-63877 

26 

3742.  28 

I 

20350-47064 

{ 

^UvD  L —  4oUoD 

b 

1 7  /1 1  oi 

^0158  —  46861 

4 

3686.  11 

20281-47402 

3.0 

3744.  10 

{ 

20350-47052 

7 

3688.  31 

II 

25112-52217 

9 

3744.  37 

II 

8 

3688.  97 

I 

25906-53006 

3.0 

3744. 94 

I 

26 

3690.  59 

I 

20951-48039 

10 

3745.  48 

I 

18229-44921 

2.5 

jOyc,  Uo 

1  0 
X.C. 

77/1 7    1  Q 

20 

3692.  64 

II 

24659-51732 

16 

3748.  49 

I 

26636-53306 

18 

3693.  38 

I 

11454-38522 

14 

3751. 20 

I 

20158-46808 

160 

3694,  94 

I 

16641-43698 

15 

3755.  10 

I 

25821-52444 

10 

3696.  04 

I 

29982-57030 

3.5 

3755.  54 

I 

21619-48238 

6 

3698.  53 

I 

20281-47311 

3.5 

3755.  84 

I 

23516-50134 

8 

3700.  01 

I 

20158-47177 

20 

3758.  52 

I 

20158-46756 

c.  4 

3702.  03 

I 

16693-43698 

3.5 

3759.  60 

I 

26636-53227 

20 

3702.  55 

I 

20281-47282 

10 

3760.  88 

I 

25997-52579 

II 

24372-51373 

10 

3761.  76 

I 

20350-46926 

6 

0  m   n    /1 71 1  n 

D 

J  1  Od,  U7 

01  ^1  Q      /I  Q1  QO 

9 

31^)1. 17 

\ 

20281-47248 

16 

3763.  35 

\ 

11859-38423 

q 

3708.  56 

I 

23668-50625 

6 

3764.  44 

I 

21154-47711 

6 

3710. 14 

I 

18480-45425 

10 

3765. 22 

I 

16748-43299 

3.0 

3711. 51 

I 

10966-37902 

6 

3765.  74 

I 

9 

T  QQ 7n      A  UQQC, 

i 10 1 ,  1  i 

on  -2 /I -2     n 7077 

9 

3713. 47 

I 

20130-47052 

7 

3768.  62 

I 

20281-46808 

D 
O 

3714.  55 

I 

21619-48532 

7 

3768.  74 

I 

27766-54292 

24 

3715.  65 

I 

16693-43598 

7 

3770.  00 

I 

27774-54292 

15 

3716.  07 

I 

40 

3770.  45 

I 

16784-43299 

9 

0-71   /  Q"7 

o  no  Di     yi  71  77 

1770  c;9 

LLHDH  —  J / 7DO 

6 

3718.  48 

I 

26759-53644 

20 

311\.  95 

I 

16693-43197 

13 

3719.  55 

I 

16 

3772. 82 

I 

16748-43246 

3719.  74 

I 

20951-47827 

3.5 

3775.  65 

I 

19970-46448 

8 

3720.  25 

I 

25707-52579 

3.5 

3776.10 

I 

25707-52182 

8 

3723.  51 

I 

3.5 

3776.  55 

I 

20930-47402 

4 

3723. 81 

I 

7 

3777.  72 

I 

28241-54704 

L  U 

3725.  56 

I 

20350-47184 

6 

3777.  96 

I 

15 

3726.  22 

I 

20281-47110 

24 

3779.  77 

I 

16748-43197 

3726.  32 

I 

20951-47779 

40 

3781.  59 

I 

11143-37579 

55 

5  I L  1 ,  tri 

7 

•77R9    1  Q 

18 

3728.  30 

I 

23668-50482 

6 

3783. 53 

I 

16 

3728.  50 

I 

10 

3785.  03 

I 

16785-43197 

3.  0 

3730.  56 

I 

20158-46956 

6 

3785.  51 

I 

26336-52747 

36 

d 

3732.  71 

10 

3788.  26 

26189-52579 

3732. 80 

\ 

16748-43530 

12 

3793.  62 

16693-43046 

13 

3733.  03 

21619-48399 

10 

3794.  43 

23516-49864 

9 

3733.  40 

21343-48121 

6 

3796.  04 

24466-50802 

9 

3734.  37 

20281-47052 

28 

3797.  30 

10966-37293 

182 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Energy- 
Spec-  1 
^  Levels 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spc  c  ~ 

Energy 
Levels 
in  K 

3200 

3798.  25 

I  0-26321 

7 

3922.  32 

I 

19970-45458 

32 

3801.  84 

I  20158-46453 

11 

3923. 75 

23668-49147 

10 

3804.  52 

I  16693-42970 

6 

3928.  79 

\ 

21619-47064 

10 

3805.  93 

I  25821-52088 

3 

3931.  40 

J 

20281-45710 

3805. 99 

I  23534-49801 

3.  5 

3935.  02 

J 

23516-48922 

6 

3807.  65 

I  21154-47409 

6 

3941. 48 

II 

25342-50706 

10 

3811. 39 

I  21619-47848 

22 

3943. 04 

20281-45635 

10 

3812.  47 

I  16748-42970 

3.  5 

3943. 51 

\ 

20951-46302 

7 

3818.  66 

I  20930-47110 

7 

3945.  25 

J 

16748-42088 

13 

3819.  87 

I  20281-46452 

3.  5 

3947. 17 

J 

20130-45458 

18 

3822. 98 

I  11143-37293 

7 

3950.  99 

I 

16784-42088 

7 

3825.  32 

I  23516-49651 

11 

3953, 93 

20350-45635 

50 

3826.  70 

I  11454-37579 

6 

3955. 49 

\ 

30113-55387 

9 

3827.  16 

I  23668-49790 

3.  5 

3958.  60 

J 

24096-49351 

90 

3828.  87 

I  11859-37968 

3 

3963.  53 

J 

26636-51859 

7 

3830.  82 

I  25795-51891 

3 

3963.  99 

I 

26639-51859 

3.  5 

3831.  07 

I  27384-53479 

3.  5 

3965.  76 

\ 

16641  -41850 

3.  5 

3831.  76 

I  16693-42783 

7 

3968.  75 

21619-46808 

14 

3832.11 

I  25997-52085 

14 

3973.  77 

J 

29982-55140 

160 

3833.  75 

I  12346-38423 

11 

3973. 93 

J 

16693-41850 

4 

3834.  97 

I  25517-51585 

6 

3975.  96 

I 

20281-45425 

7 

3835.  31 

I  21343-47409 

6 

3977.  90 

6 

3843. 90 

I  20948-46956 

3.  5 

3979.  22 

\ 

27342-52465 

11 

3845.  95 

I  16748-42742 

7 

3980.  20 

J 

26759-51876 

36 

3847. 25 

I  11143-37128 

7 

3982. 05 

J 

23516-48622 

18 

3848.  30 

I  24823-50802 

3.5 

3982. 60 

I 

16748-41850 

7 

3851.  99 

I  25906-51859 

13 

3986.  20 

25517-50596 

2800 

3864.  11 

I  0-25872 

3.  5 

3991. 39 

\ 

25549-50596 

3.  5 

3866.  69 

I  25821-51675 

3.  5 

3991. 85 

J 

20930-45974 

55 

3869.  08 

I  11454-37293 

3.  5 

3993.  93 

J 

23516-48547 

55 

3886.  82 

I  11859-37579 

3.5 

3998.  29 

I 

22244-47248 

7 

3888.  18 

I  20158-45870 

6 

4000.  39 

20948-45938 

7 

3888.  88 

I  21154-46861 

11 

4000.  50 

{ 

26415-51405 

3.  5 

3890.  71 

I  26189-51884 

7 

4006.  05 

J 

26321-51276 

3.  5 

3893. 32 

I  20158-45836 

3.  0 

4008.  05 

J 

24466-49408 

3.  5 

3896.  38 

I  20281-45938 

11 

4009.  37 

J 

24466-49400 

3.  5 

3896.  85 

I  21154-46808 

6 

4011. 97 

J 

25872-50791 

36 

3901.  77 

I  12346-37968 

4 

4017.  38 

J 

24466-49351 

1800 

3902. 96 

I  0-25614 

12 

4021. 02 

J 

29842-54704 

7 

3906.  92 

16 

4024. 09 

J 

16641-41484 

3906.  98 

I  25997-51585 

6 

4028.  65 

I 

21154-45969 

13 

3908.  25 

I  20130-45710 

4 

4032.  50 

16693-41484 

7 

3909.  55 

4 

4033.  63 

\ 

21154-45938 

7 

3911. 09 

I  16784-42345 

4 

4037.  30 

J 

20948-45710 

3.  5 

3911. 94 

I  26336-51891 

8 

4037.  78 

J 

20951-45710 

7 

3913.36 

I  26636-52182 

12 

4038.  08 

16641-41398 

10 

3915.  44 

I  22876-48409 

3.0 

4041. 12 

\ 

27727-52465 

7 

3916.  92 

I  22876-48399 

12 

4042. 87 

25549-50277 

14 

3917.  54 

I  20350-45870 

3 

4050.  09 

20951-45635 

7 

3917.  78 

I  20930-46448 

26 

4056.  01 

16748-41396 

183 


Molybdenum  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

t  rum 

Energy 
Levels 
in  K 

7 

4056.  32 

I 

26759-51405 

24 

4194.  56 

I 

25517-49351 

4 

4057.  58 

{ 

25639-50277 

5 

4200.  57 

18356-42156 

18 

4059.  61 

21343-45969 

5 

4201.  32 

J 

16693-40488 

130 

4062.  08 

J 

16785-41396 

9 

4205.  81 

25639-49408 

8 

4066.  37 

J 

24823-49408 

5 

4211.  02 

16748-40488 

220 

4069.  88 

I 

16784-41348 

4 

4219.  40 

I 

18480-42173 

18 

4075.  25 

16693-41224 

3.  5 

4222.  41 

18480-42156 

5 

4075.  54 

J 

140 

4232.  59 

{ 

16748-40367 

18 

4076.  19 

J 

24096-48622 

4 

4233.  49 

24096-47711 

120 

4081.  44 

J 

3.  5 

4235.  03 

T 

21154-44760 

90 

4084.  38 

I 

16748-41224 

8 

4237.  16 

I 

20930-44525 

14 

4086.  02 

\ 

20948-45415 

9 

d 

4239.  07 

16784-40367 

17 

4096.  81 

21154-45556 

4239.  19 

j 

16785-40367 

5 

4098.  18 

J 

20130-44525 

13 

4240.  08 

T 

18229-41807 

14 

4098.  74 

J 

16641-41032 

13 

4240.  28 

T 

24823-48400 

24 

4102.  15 

I 

16641-41012 

18 

4240.  83 

I 

20951-44525 

14 

4105.  08 

24466-48819 

3.  5 

4242.  80 

24096-47659 

5 

4105.  53 

\ 

21619-45969 

18 

4246.  02 

\ 

25517-49062 

70 

4107.  47 

J 

16693-41032 

16 

4251.  87 

J 

28241-51753 

8 

4114.  93 

J 

13 

4254.  96 

J 

26639-50134 

9 

4118.  96 

I 

16693-40964 

9 

4260.  36 

I 

26336-49801 

60 

4120. 10 

4 

4260.  66 

25906-49370 

13 

4123.  65 

J 

20281-44525 

3.  0 

4261.  44 

\ 

13 

4124.  54 

J 

24823-49062 

9 

4266.  18 

J 

20608-44041 

5 

4126.  53 

J 

7 

4268.  08 

J 

25639-49062 

14 

4128.  28 

I 

16748-40964 

26 

4269.  28 

I 

21343-44760 

7 

4128.  83 

21343-45556 

3.  0 

4272.  06 

26189-49591 

17 

4131.  92 

J 

25456-49651 

12 

4273.  07 

16641-40037 

7 

4132.  23 

J 

18229-42422 

85 

4276.  91 

J 

16693-40068 

4 

4135.  38 

J 

110 

4277.  24 

J 

12346-35719 

280 

4143.  55 

I 

4 

4281.  83 

I 

22 

4148.  94 

16748-40844 

8 

h 

4284.  60 

\ 

7 

4151.  88 

J 

25517-49596 

11 

4287.  08 

16641-39960 

24 

4155.  28 

T 

16785-40844 

130 

4288.  64 

J 

11859-35169 

17 

4155.  58 

J 

16641-40698 

13 

4289.  42 

J 

21154-44461 

4 

4156.  79 

I 

22876-46926 

4 

h 

4290.  18 

I 

25517-48819 

19 

4157.  40 

25549-49596 

4 

4291. 20 

26415-49712 

17 

4162  68 

25549-49565 

65 

4292. 13 

J 

11143-34435 

4 

4164  08 

J 

i   \J  C-B         /               1      ■  £—  f 

85 

4293. 21 

J 

11454-34740 

4 

4166  28 

T 

24823-48819 

34 

4293.  88 

J 

10966-34248 

8 

4169.  82 

I 

23516-47492 

4 

4296.  16 

I 

25549-48819 

8 

4171.  07 

3.  0 

4296.  62 

16693-39960 

14 

4177.  26 

22876-46808 

3.0 

4298.  90 

J 

18229-41484 

19 

4178.  27 

J 

25639-49565 

3  0 

4301.  26 

J 

8 

4181.  05 

J 

20130-44041 

4 

4304.  92 

J 

16693-39916 

4 

4184.  39 

25517-49408 

8 

4310.  39 

24466-47659 

41  85  8? 

u.  ^  -J  A.  1       ~  /  ~  yJ  yj 

4 

4312. 80 

16641-39821 

5 

4186.  28 

18356-42237 

4 

4312.*  97 

20350-43530 

240 

4188.  32 

16 

4317.  93 

9 

4190.  00 

25549-49408 

7 

4321.  97 

16785-39916 

184 


Molybdenum 


—  All  Observed  Lines 


Intensity 
cLnd 

\  /  IX  CL  J.  CL  \^  I,  \L.  J. 

Wave- 
in.  A 

Spec- 
trum 

Energy 
T  ^e  vel  s 
in  K 

Intensity 

a.nd 

Wave- 

X«3  XI 1^  Li  J. 

in  A 

Spec- 
trum 

Energy 

T  A 1  J-  d  1  o 
m  xS. 

80 

4326.  14 

16641-39750 

10 

4443. 07 

11454-33955 

24 

4326.  74 

\ 

11143-34248 

8 

4446.  43 

J 

29982-52465 

3.0 

4329.  63 

I 

20951-44041 

2.0 

4447.  23 

I 

27384-49864 

4 

4332.  51 

I 

27727-50802 

32 

4449.  74 

I 

16693-39160 

11 

4334.  81 

I 

26284-49346 

3.  0 

4452,  56 

I 

23516-45969 

4 

4338.  71 

18356-41398 

2.  0 

4455.  30 

27363-49801 

4 

4339.  82 

J 

27767-50802 

46 

4457.  36 

J 

16693-39122 

8 

4340.  75 

I 

26759-49790 

3 

4458.  65 

I 

23516-45938 

12 

4341.  42 

I 

20948-43975 

6 

4460.  62 

I 

16748-39160 

3.  0 

4344.  66 

I 

26336-49346 

6 

4464.  77 

I 

20350-42742 

22 

4350.  34 

I 

11454-34435 

18 

4468.  28 

I 

16748-39122 

3.  0 

4351. 55 

I 

5 

4471. 66 

I 

21619-43975 

7 

4353. 31 

I 

20281-43246 

5 

4472.  04 

I 

28241-50596 

4 

4357.  34 

I 

24466-47409 

12 

4473. 18 

I 

18480-40829 

3.  0 

4359.  62 

I 

26415-49346 

60 

4474. 56 

I 

16641-38983 

4474.  65 

I 

18356-40698 

4 

4362. 02 

18480-41398 

4 

4362.  71 

J 

11858-34774 

9 

4475. 62 

18229-40566 

8 

4364.  47 

I 

26284-49190 

14 

4484.  97 

I 

16693-38983 

7 

4366.  54 

I 

20350-43246 

8 

4487.  05 

I 

22244-44525 

22 

4369.  04 

I 

11859-34740 

3.  0 

4489.  00 

I 

23668-45938 

3.  5 

4373. 32 

24096-46956 

6 

4490.  19 

20158-42422 

4 

4374.  89 

\ 

25549-48400 

22 

4491. 28 

\ 

18229-40488 

7 

4375.  01 

I 

27774-50625 

3.0 

4491. 66 

I 

33904-56162 

14 

4380.  29 

I 

12346-35169 

5 

4499. 44 

I 

18480-40698 

3.5 

4380.  59 

I 

16641-39463 

5 

4501. 29 

I 

18356-40566 

180 

4381.  64 

16784-39600 

11 

4504.  90 

\ 

25997-48189 

7 

4382.  41 

J 

20158-42970 

5 

4506.  67 

26636-48819 

2.5 

4385.  89 

I 

11454-34248 

13 

4512.15 

I 

11143-33299 

7 

4391. 54 

I 

24096-46861 

8 

4515. 18 

I 

20281-42422 

7 

4392.  12 

I 

25639-48400 

22 

4517. 13 

I 

18356-40488 

5 

4394.  32 

27384-50134 

5 

4517. 41 

10768-32899 

5 

4394.  47 

J 

20948-43697 

2.  0 

4518.  44 

J 

20158-42282 

13 

4396.  66 

I 

16784-39522 

5 

4522.19 

I 

20130-42237 

14 

4397.  29 

I 

18229-40964 

22 

4524.  34 

I 

11859-33955 

3.  5 

4402.  49 

I 

27774-50482 

8 

4526.  37 

I 

18480-40566 

7 

4402.  90 

24466-47172 

3  h 

4528.  62 

27093-49169 

3.  0 

4404. 55 

J 

16748-39445 

11 

4529.  40 

20350-42422 

3.5 

4406.  87 

I 

29982-52667 

4 

4535.38 

I 

20130-42173 

3.  5 

4409.  44 

I 

38 

4536.  80 

I 

28241-50277 

7 

4409.  95 

I 

24823-47493 

4 

4541. 56 

I 

240 

4411.  57 

16784-39445 

5 

4553.  32 

21343-43299 

4411. 70 

16785-39445 

2.  5 

4553.  80 

\ 

25456-47409 

10 

4412. 77 

I 

18356-41012 

10 

4558.11 

I 

10966-32899 

3.  5 

4422. 06 

18356-40964 

2.5 

4558.  74 

I 

20158-42088 

20 

4423.  62 

18229-40829 

8 

4560. 13 

I 

23534-45458 

16 

4426.  67 

20158-42742 

8 

4567.  68 

20350-42237 

95 

4434.  95 

\ 

16748-39290 

2.0 

4569. 02 

23668-45548 

10 

4436.  89 

18480-41012 

5 

4570. 13 

20281-42156 

6 

4438.  96 

27342-49864 

4 

4574.  48 

25639-47493 

19 

4442.20 

16784-39290 

4574.  61 

21343-43197 
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Molybdenum 


—  All  Observed  Lines 


Intensity 
and. 

Wave- 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 
a.nd 

Wave- 

X  ^  XI      LX  J. 

in  A. 

Spec- 
trum 

Energy 

20 

4576.  50 

11454-33299 

8 

4750.  39 

20350-41396 

2.  5 

4577.  78 

18229-40068 

3.  5 

4758.  50 

29781-50790 

2.  5 

4582. 35 

I 

31510-53327 

60 

4760.  19 

I 

21343-42345 

2.  5 

4582. 50 

I 

21154-42970 

6 

4764.  42 

I 

18480-39463 

2.  5 

4586.  06 

I 

25906-47705 

6 

4773.  44 

I 

20281-41224 

2.  5 

4586.  57 

22244-44041 

3.  0 

4774. 22 

21343-42283 

2.  0 

4586.  79 

J 

5 

4775.  66 

21154-42088 

2. 5  h 

4590.  38 

I 

12 

4776.  34 

I 

18229-39160 

4 

4592.  21 

I 

26639-48409 

4 

4782. 94 

I 

20130-41032 

13 

4595.  16 

I 

11143-32899 

I 

20948-41850 

2.  5 

4597.  88 

30113-51856 

7 

4785.  12 

18229-39122 

2.  0 

4598.  25 

{ 

27867-49608 

3.  0 

4786. 46 

J 

10768-31655 

4 

4599.  16 

I 

20350-42088 

1.6 

4788.  18 

I 

18480-39358 

2.  5 

4608.  71 

I 

20158-41850 

5 

4792.  74 

I 

20948-41807 

28 

4609.  88 

I 

18229-39916 

5 

4793.  41 

I 

20951-41807 

4 

4611.  15 

18356-40037 

1.  6 

4793.  82 

27384-48238 

2.  5 

4616.  62 

25517-47172 

8 

4796.  52 

J 

21343-42186 

2.5 

4617.  95 

I 

22876-44525 

1.4 

4804.  91 

I 

20158-40964 

8 

4621.  38 

I 

18356-39989 

2.  5 

4805.  58 

I 

18356-39160 

2.  5 

4623.  46 

I 

25549-47172 

2.  5 

yi  y^                 y\  ^y 

4808.  09 

I 

23668-44461 

2.  5 

4624.  24 

29171-50790 

7 

4811.  06 

30496-51276 

36 

4626.  47 

12346-33955 

1.  4 

4814.  47 

J 

10768-31533 

8 

4627.  48 

I 

18356-39960 

2.0 

4817.  70 

I 

20281-41032 

4 

4630.  02 

I 

18229-39821 

32 

4819.  25 

I 

21343-42088 

3.  5 

4633.  10 

I 

28274-49852 

1.  4 

4822. 42 

I 

20281-41012 

2.  5 

4642.  70 

25639-47172 

2.  0 

4828.  47 

6 

4647.  81 

J 

18480-39989 

32 

4830.  51 

I 

21154-41850 

2.  5 

4649.  12 

I 

25906-47409 

3.0 

4832. 92 

I 

20158-40844 

5 

4651. 05 

I 

29781-51276 

2.  0 

4833.  96 

20350-41032 

6 

4661. 93 

I 

11454-32899 

1.  2 

4838.  11 

I 

24096-44760 

17 

4662. 76 

11859-33299 

1.  4 

4839. 59 

{ 

10 

4671.  90 

J 

21343-42742 

1.  6 

4845. 17 

27766-48399 

2.  5 

4683.  83 

I 

25517-46861 

3.  5 

4858.  22 

I 

28241-48819 

2.  5 

4685.  81 

I 

27727-49062 

2.  0 

4860. 05 

I 

2.  0 

4686.  10 

I 

28274-49608 

28 

4868.  00 

20948-41484 

10 

4688.  22 

28241-49565 

4 

4869.  20 

10768-31300 

3  0 

4690.  86 

J 

25549-46861 

1.  8 

4878.  37 

J 

20350-40844 

3.  0 

4693.  93 

I 

2.  0 

4886.  47 

I 

23516-43975 

2.  5 

4696.  51 

I 

20951-42237 

1.  6 

4889.  22 

I 

20951-41398 

4 

4700.  49 

I 

28837-50105 

1.  6 

4897.  26 

I 

25456-45870 

6 

4706.  06 

23516-44760 

5 

4903.  81 

J 

10768-31155 

50 

4707.  26 

J 

20158-41396 

2.  0 

4907.  43 

31485-51856 

12 

4708.  22 

I 

18229-39463 

1.6 

4909.  19 

I 

24096-44461 

2.  5 

4714.  51 

I 

20951-42156 

1.  4 

4924.  78 

30502-50802 

17 

4717.  92 

I 

20158-41348 

2.  5 

4926.  19 

I 

24466-44760 

3.  0 

4718.  88 

28667-49852 

2.  5 

4926.  43 

{ 

18229-38522 

2.  0 

4723.  06 

32688-53855 

5 

4933.  10 

12346-32612 

1.6 

4725.  34 

27766-48922 

5 

4941.  66 

25906-46136 

8 

4729. 14 

20948-42088 

7 

4950.  62 

18229-38423 

55 

4731. 44 

21154-42283 

9 

4957.  54 

18356-38522 
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Molybdenum  —  All  Observed  Lines 


Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

1  A 

T         '?n;qP7  —  4 Al  ^A 

1  A 

DCJd, JO 

9nQ'^n  &r\C\'xi 
cU7jU  —  tuu^/ 

7  ^ 

C,  J 

4964.  41 

I  20350-40488 

6 

5234.  26 

I 

18480-37579 

4973.  36 

I  20930-41032 

28  h 

5238.  20 

25872-44957 

13 

/1Q7Q   1  9 

T        1  n7AR  — '^nR47 

14  h 
X  t  11 

t^94n  RR 

9t;R79  —  dAQAl 
CjO  1  c.  —  HHvH/ 

1.6 

'+7CSD.  Do 

7  h 
/  11 

^949  Rl 

Dc.H£.,  OX 

^30  /     —  HHytX 

1  4 

AQQC.  •2') 

A 
D 

^^94^  c;i 

9nQ'^n  _  qqpq 

7 

4999.  91 

I  24466-44461 

9 

5259.  04 

I 

20951-39961 

1  7 

5010.  81 

I  26639-46590 

1.0 

5260.  17 

J 

30847-49852 

11 

D  U±  H.  DU 

T        94R9'^— 447An 

A 
t 

R9A1    1 4 
D^-OX.  xt 

9m  cLR  —  '^qi  An 

tUX_30      Jy  i-0\j 

1.6 

cm  ^  70 

1  9 

X*  £. 

'^9AR  QR 

D^DO.  73 

J-.  t. 

cni  Q  Qt; 

T      9c;7Qc;  _ /I ci7i  n 

9  n 

^971  Rn 

Jc.  1  X.  OU 

_ 

9ni  RR  —  "^Ql  99 
tUXjO  —  Jy  3-c.c. 

5029.  00 

I  24096-43975 

2.0 

5276.  28 

I 

21619-40566 

4 

5030.  78 

I  25997-45870 

4 

5279.  65 

16784-35719 

1.4 

D\JJO,  7l 

T        9^7qR  — 4^A'^c; 

1 

coon  p^ 

DCOV^  OD 

99R7A  —  41  Rn7 

Cc-OiO  nXOU/ 

1.6 

T        91  1  ^14  —  4nQA4 

1  9 
X.  ^ 

'^9R'^  R4 

D£.OJ,  OH 

9  AA'^A  —  4RRRA 
coo  JO  hdzjijd 

A 

cn/17  71 

T      9nQ'^n  —  4n7'^A 

(i9Q9  nR 

1  AR9R  _  '^C71  q 

XOOcO  —  JD  1  Ly 

3  n 

5055.  00 

I  12346-32123 

2.0 

5293. 46 

I 

18480-37366 

7  fl 

5058.  01 

I  27727-47492 

3.5 

5295. 47 

20281-39160 

12 

cncq  op 

T         9m  ^7  —  "^QQI  A 

1  n 

X.  u 

R'^n9 

JJU£.  ^3 

9RQnA  —  AAlf^r\ 

2.0 

T        9nQm  — 4nAQQ 

1  9 

X.  c 

R'^nA  9A 

9n9Rl  — "^Ql  99 
^U^OX  —  Jy  LCL. 

1  R 
±.  o 

CflAd  AZl 

T         1  R99Q  —  ■^7QAR 

can  a  pq 

1  RZlRn  —  "^790"^ 
XOHOU  —  J  1 Ly  J 

7  n 

5079.  87 

I  26189-45870 

2.0 

5315. 04 

I 

20350-39160 

A 

\j 

5080.  02 

I  20281-39960 

1.2 

5319.  89 

J 

31485-50277 

2.0 

cnai  9A 

X           XXOD7  —  Ji.DjJ 

1  9 

^^"^94  47 

9  AA'^Q  —  4R41  R 

2.5 

cnqn  Q7 

DU  7U.  7  / 

T        9  t;qq7  _ /I  c/,-2 c 

9  n 

C'297  nA 

JJ^.  /.  UD 

:: 

9'^Cl  A  —  499R'^ 

cnQl  "Id 

T      9nQ'^n  — 4n^AA 

1  n 

X.  u 

ti'^'^4  7Q 

J^^H.  /7 

9'^AAR  — 494nR 

5092.  16 

1.0 

5337.  20 

I 

24466-43197 

5095.  89 

I  20948-40566 

1.0 

5349.  79 

6 

cnpA  A^ 

T      9nQm  — Ani^iAA 

1  9 

c-ico  -ic 
DJDc.,  JO 

7111  d  —  4A4R'^ 

8 

cnQ7  1^0 

T        1  R'^  ^A  —  ■^7QAR 

c 

^■^^14  RR 

DJDH,  00 

A  — 491  RA 

T      9n'^tin  —  "^QQAn 

X           C.\J  JD\J  JvvOU 

7  n 

CTCC  CT 
D^DIJ.  3X 

^xo^  0%  —  Rn7Qn 

J  C-i-CJ  —  _JU/7U 

5109.  71 

I  20350-39916 

4 

5356.  48 

I 

32612-51276 

5 

5114.97 

I  18356-37902 

34  hi 

5360.  56 

26321-44970 

2  0 

m  1  A  Q7 
D  JL  X  0.  7  / 

T        7^\Q^^  — 4n4RR 

7  hi 

/  IIX 

'i'^A4  9R 

9A'^91  — 44QR7 

1  8 

T        9741  R  —  4AQ9 A 

9  n  hi 

^.  U  IIX 

'i'^A7    1  1 
3J?0  /.XX 

9  A'^91  —  44Q47 

9 

CI  /ic  -jp 

DIHIJ.  JO 

T      9nAnR  — 4nn'^7 

9  n 

fi'^79  4n 

99R7A  —  41  4R4 

C.L.O  1  0  —  HXHOH 

7 

CT  /I7  -2Q 
Dl  H  /  .  J  7 

T        1  R4Rn  —■^7qn9 

X          XOHOU — JIvVc. 

1  A 

X.  D 

R'^RR  AQ 

3  J  00.  D7 

'X^  "^nn  —  4QRR9 

c; 

m  A'^  IP 

T        "^1  Ql    —  m  97A 

X          J±v±J  DXL.1O 

t 

^■^134  R9 

pnQ'^n  — '^Q4A'^ 

6 

CI  A7  7A 

DID/.  /  D 

T        91  Al  Q  —  4nQA4 

9  n 

C'jq7  1.0 
DJy 1 , JO 

99R7A  —  41  "^QR 

L.C.O  1  0  —  'TXJ770 

10 

d 

CI  71  OR 

T        9tiAl  4  — 44Q47 

R4nn  47 

9nQm  —  '^Q4A'^ 

CI  71    0 c 

T        9m  "^n  —  ■^Q4A'^ 

R4nR  7Q 

UtUj.  /  7 

97*^49  —  4RR'^A 

L.  1  J^C  —  HDOJO 

14 

h 

11 

5172.  94 

I  25614-44941 

2.0 

5406.  39 

I 

22244-40736 

10 

h 

11 

5174.18 

I  25614-44936 

1.0 

5414.  67 

2.5 

cT  qi    /I /I 
D±  71. 

T       "^1  c;'^'^  _  i;n7Qn 

9  ^ 

c/ii  7  -zp 
DtX / . jO 

99944  —  4nAQQ 

CCc.^^  HUD77 

—J 

7 

conn  1  7 

T        91  Al  Q  —  4nR44 
X          iCXDX7  —  HUOHH- 

1  4 

R49A  RQ 
DHcO.  O/ 

1  A74R  — "^m  AQ 

XO/HO  —  JD  LOy 

3.0 

conn  74 

T        1  R'^t;A  —  '^7'^7Q 

n  7 

c/197  CC 

9"^  AAR  —  49nRR 

^JJODO  —  HtUOO 

1.6 

5210.  44 

I  12346-31533 

1.0 

5431. 02 

I 

20951-39359 

3.  0 

5211. 86 

I  20281-39463 

3.  5 

5435.  68 

20130-38522 

5 

5219.  40 

I  22244-41398 

4 

5437.  75 

16785-35169 

4 

5231. 06 

I  27342-46453 

0.9 

5439.  71 
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Intensity 
and 
Character 

Wave- 
lencyth 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
in  A 

Spec- 
trum 

Energy 

T  .PTrP»l  Q 

1  '~  V  C  X  o 

in  K 

2.  5 

5450.  51 

\ 

21619-39961 

3.  0 

5634.  86 

16693-34435 

0.  9 

5453.  03 

23516-41850 

14 

5650.  13 

J 

m  43-28837 

2.  0 

5456.  46 

I 

22244-40566 

0.  7 

565l!  87 

I 

30160-47848 

1.  6 

5460.  53 

I 

31300-49608 

0  7 

5664.  34 

I 

29842-47492 

1.  4 

5465.  57 

I 

5664. 38 

I 

27766-45415 

0.  8 

5473.  37 

\ 

20157-38423 

0.  8 

5667.  30 

27774-45415 

2.  0 

5475.  90 

0.  6 

5672. 07 

J 

35042  —  52667 

0.  8 

5488."  67 

I 

27342-45556 

1.  4 

5673*.  63 

I 

20281-37902 

2.  0 

5490.  28 

I 

20951-39160 

3.  5 

5674.  47 

I 

20350-37968 

1.2 

5492.  17 

I 

21619-39821 

2.  5 

5677.  89 

I 

16641-34248 

1.  6 

h 

5493. 80 

\ 

31655-49852 

2.  0 

5682. 89 

20930-38522 

0.  8 

h 

5496.  94 

24096-42283 

0.  6 

5687  64 

J 

22244  —  39821 

1.  6 

5498.  49 

I 

23668-41850 

28 

5689. 14 

I 

11143-28715 

3.  0 

5501. 54 

I 

20350-38522 

0.  6 

5694.  39 

I 

23668-41224 

1.  4 

5501. 87 

I 

20951-39122 

0.  8 

5696.  03 

I 

30160-47711 

1.  6 

h 

5503.  54 

0.  7 

5698.  27 

29642-47186 

480 

5506.  49 

J 

10768-28924 

1.  4 

5699.  28 

J 

21619  —  39160 

0.  7 

5511.  49 

I 

23668-41807 

0.  7 

5702!  11 

I 

25997-43530 

1  4 

5520.  04 

I 

31485-49596 

5 

5705.  72 

I 

24823-42345 

1.  6 

5520.  64 

I 

27727-45836 

1.4 

5711. 80 

I 

21619-39122 

0.  8 

5521.  17 

13 

5722.  74 

11454-28924 

2.  5 

5526  52 

J 

24096-42186 

0.  7 

5723  n 

J 

29642  —  471 1  0 

2.  5 

5526.  97 

I 

22876-40964 

1.  4 

5728.  77 

I 

25795-43246 

320 

5533.  05 

I 

10768-28837 

1.  6 

d 

5729. 45 

I 

20130-37579 

2.  5 

5539. 41 

I 

16692-34740 

5729.  59 

I 

0.  8 

5541.  65 

25906-43946 

0.  9 

5729. 87 

23516-40964 

3.  0 

5543.  12 

J 

20948-38983 

1.  0 

5734.  06 

J 

12346-29781 

2.  5 

5544!  49 

I 

27384-45415 

0.  7 

5739! 66 

I 

27342-44760 

0.  6 

5552.  19 

I 

21154-39160 

0.  9 

5741. 71 

I 

31510-48922 

3.  5 

5556.  28 

I 

16748-34740 

1.  0 

5747.  67 

I 

25906-43299 

1.  6 

5556.  72 

24096-42088 

38 

5751. 40 

11454-28837 

0.  7 

5562.  49 

J 

0.  6 

5769.  75 

J 

23517-40844 

1.  2 

5564!  05 

I 

21154-39121 

0.  6 

5771!  05 

I 

19970-37293 

2.  5 

5568.  62 

I 

22876-40829 

1.  4 

5774. 55 

I 

11858-29171 

1.  6 

5569.  48 

I 

23534-41484 

0.  6 

5778.  19 

I 

25997-43299 

150 

5570.  45 

10768-28715 

2.  5 

5779.  36 

20281-37579 

2.  0 

5575.  19 

J 

19970-37902 

0.  6 

5780,  11 

J 

23668-40964 

1.  2 

5591.'  58 

I 

24466-42345 

1.  4 

h 

5783*.  33 

I 

25456-42742 

0.  6 

5596.  32 

I 

23534-41398 

0.  6 

5785.  69 

I 

0.5 

5598.  47 

I 

34S10-52667 

32 

5791.  85 

I 

11454-28715 

0.  9 

5601.  05 

33904-51753 

1.  4 

h 

5795.  77 

34740-51990 

2.5 

5602  76 

j 

25456-43299 

1.  6 

5800  46 

J 

20130-37366 

1.  4 

5608.  62 

I 

26636-44461 

2.  0 

5802.  67 

I 

20350-37579 

1.4 

5609.  23 

I 

26189-44012 

0.5 

5803.  98 

I 

25821-43046 

6 

5610.  93 

I 

24466-42283 

0.  6 

5806.  19 

I 

22244-39463 

1.4 

5613.  07 

20158-37968 

1.0 

5806.  69 

26759-43975 

1.2 

5618.  45 

} 

16641-34435 

0.6 

5808.  23 

{ 

11454-28667 

0.  6 

5618.  77 

22244-40037 

0.  5 

5809.  03 

34435-51644 

1.4 

5619.  38 

27766-45556 

0.  6 

5813.  86 

39521-56717 

20 

5632.  47 

10966-28715 

1.  0 

5815.  52 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
^  Levels 
trum 

m  K 

Intensity 

and 
Characte 

r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Vj,  D 

DOXD,  IH 

T       oqqpo  _  ^71  70 

n  7 

OjCj,  DH 

- 

"^m  An  —  4£^QAQ 
DUXDU  —  4D707 

u,  o 

5820.  69 

I  23668-40844 

2.5 

6357.  22 

I 

18229-33955 

1.  ^ 

5825.  20 

I  20130-37293 

1.0 

6389.11 

J 

26636-42283 

1.4 

T         111  Cl'^  —  9R97Z1 
1         XXXH^ — CO£.IH 

n  7 

A'^Ql    1  9 
OJ/X.  x^ 

1.2 

CQ-iq  qq 

T        97'^/19  —  ZIZ14A1 

9  n 
c,  u 

A4ni  (17 

04UX.  U  / 

1.  <1 

u 
n 

X          C.O  1  ld  —  HjOUO 

1  A 
X.  0 

A4nQ  1 1 

04U7.  XX 

_ 

XODDO  —  JJ7DD 

u 
n 

5849.  73 

I  28715-45805 

0.6 

6412.  39 

I 

-5.  U 

n 

5851. 52 

I  28715-45800 

6 

6424.  37 

20158-35719 

32 

coco  07 

DODO,  L.  1 

T        11  R^Q  —  9RQ9il 
X         XXOjy — ^oy^H 

1  9 

-L.  C. 

A44A  '^4 

0440.  jH 

9'^4RA  —  4nQA4 
^D4DO  —  4U7D4 

1.2 

COZLI  -JO 
DdDl.  JO 

T         9A1  RQ  — Z1'^9ZIA 

1  9 
J-*  ^ 

A471  9n 

D4  /  X. 

9"^  l^'^4  —  "^RQR"? 
CjDjH  —  ^07 OD 

u.  o 

DOUO,  10 

T        ■?c;7n7  —  Z19749 
X         c.Di\}l  — Hc-IHc. 

1  9 

A47'^  QQ 
04  /  J).  77 

- 

ocqnz,  _  /II  -2 zip 
iiDyUO  —  4XD40 

5869.33 

I  27727-44760 

0.6 

6493.13 

I 

30160-45556 

1  A 
1.  o 

5876.  59 

I  20281-37293 

1.4 

6519.  84 

30502-45836 

n  A 
u.  o 

cppi  C-J 

T         901  "^n  —  "^71  9R 

n  4 
u.  4 

At;Qn  qn 

OlJyU,  yU 

9  AA'^  Q  —  41  R(17 
^OOD7  —  4XoU / 

n  A 

U.  D 

cppo  70 

T         977AA  —  ZlZl7An 
1         £.1100  —  HH/DU 

11 

AAl  1  9(1 
OOXX.  C\J 

91^7117  —  4nR9q 
CD  l\}  1  —  4U0^7 

DKJ 

Cppp  'I'l 

X         IXojy — cOOJl 

1  4 

X  4 

AAl  Q  1 

OOX  7,  i-J 

1  n7AR  —  9c;R79 
xU/Do  —  CdO 1 C 

n  7 

h 

cpqi  czf. 

DOvl.,  DO 

T        9RR'^7  — ZmRDA 
X          COO^ / — HjOuO 

n  A 
u.  0 

AA94  ^1 

DD^4.  D  1 

9A7'iq  —  41  Rc;n 

CO  1  D7  —  4XODU 

X           CDHDO  —  H^H^t 

U.  J 

AA'^7  1  A 

OOJ*  /  .  X  0 

9A'^'^A  —  41  "^QR 
^ODDO  —  4XD yO 

3.0 

h 

cpq-i  -ip 

D07^,  JO 

T        9RR'^7  —  AtiRfin 
X          COOJI — tJOuU 

n 

H 

AARfl  "^R 

OODU.  jO 

9^4^A  —  4n4RR 
^D4DO  —  4U400 

1.2 

jOyO.  /O 

1  n 

X,  u 

AARQ  AR 
0037.  00 

9(11  qp- AQ 
^UXDO  —  DDXOy 

cpqp  po 

T        97nQ'^ —  44.(141 

<j.  J 

11 

AA7R  RQ 
DO  /  0.  0  y 

9qR79  —  4nR4(l 

tD0/^  4U04U 

5901. 47 

I  18229-35169 

0.4 

6687.  87 

I 

26450-41398 

5912.12 

I  26336-43246 

1.4 

6690.47 

18356-33299 

0.6 

h 

cqo-j  7q 

T        9RQ94  — 4'iRnn 

U.  J 

AAQl  (IR 

007X,  UO 

97^^49  — 499R'^ 
C  1  JHC  —  HCCOd 

2.5 

h 

^Q9A  "^A 

T        9RQ94  — 4^7Q'^ 

n  7 

A79R  (14 

0  /  CO,  U4 

9^707  —  4(mAA 

CD  1  \J  1  — 4UDOD 

1  n 

X  u 

XI 

cqop  pp 

DvCO,  00 

T        9RQ94  — 4c;7RA 
X          ^Oy^t  —  T-D  /  00 

p 
0 

A7'^'^  QR 

0  /  JJm  70 

1  n7AR  — 9qAl  4 

XU/Oo  —  tDOX4 

J.,  u 

5937.  91 

I  25906-42742 

1.6 

6746.  08 

I 

18480-33299 

n  A 

5965.  57 

4 

6746.  27 

20350-35169 

0.5 

DyOO,  Ho 

T        97774  — 44^9R 

9  c; 

A7c;'^  q7 

0 / DJm  7 1 

97'^R4  —  491  RA 

C 1 JOH      4tX  00 

0.9 

D7  1  H,  C.O 

X           L.  1  1  c.  1  —  HfrOX 

X,  u 

U-JCJX  Cfl 
0 / Oj,  DU 

9^^707  — 4n4RR 

CD  1  yj  1  4U400 

1.  u 

cqpo  Q'x 

T        9A'^'^  A  —  4"^  n4A 

u.  ^ 

A7A4  Q9 

D  /  04.  7  C 

_ 

9qqp9  _  447An 
C77QC —  44/OU 

5988.17 

I  27767-44461 

0.6 

blQl.  98 

I 

26284-41012 

X.  u 

5989.  47 

I  33904-50596 

0.  6 

6788.  94 

26759-41484 

0.  6 

DyvU,  Ui. 

n  R 

u.  0 

11 

A7Qq  RR 
D  /  77,  00 

9A7qQ  — 41  "^QR 
CO  1 D7  —  4XD70 

0.6 

cqqi  -ic; 
Dy  vl.  JD 

T        97774  — 444A1 
X         CI  1  IH  —  HHtOX 

n  R 

u.  0 

ARn9  A9 
OOU^.  oc 

9A'^'^A  —  41  0*^9 
^ODDO  —  4X  yjjc 

T         97'^R4  —  4'^Q7A 
X         c.  1  JOH  —  HjvIO 

n  R 

ARl  9  V\% 

9A'?'^  A  —  41  (11  9 
COjjO  —  4XUX^ 

1  n 
1.  u 

6027.  27 

I  22876-39463 

1.0 

6825.  63 

I 

30113-44760 

ou 

6030.  66 

I  12346-28924 

1.4 

d 

6828.  87 

26759-41398 

1.2 

Anzi7  Q*^ 

01)4  /.  OJ 

T         9^707  —  499*^7 
X         CD  1  \J  1 — HCCj  1 

AR9Q  rm 

OOty.  UD 

9A1 RQ  —  4nR9Q 
^0x0 7  —  4UO^ y 

1.2 

T         1  R99C}  —  "^4740 
1         i.oCC7 — JH  1  H\} 

J,  u 

AR'^R  RR 
00^0,  00 

97797  —  49*^4'^ 
CI  1 C  1  —  4^D4D 

i.  ^ 

An7Q  c;b 
du  /  7.  Do 

T         9'^cil  A  —  "^QQAtl 
X           ^^jXO — J770U 

1  9 

AR4R  Q9 
004o.  7C 

'yf^ll'y  R  —  41  (11  9 
1 04X  D  —  4X  UX^ 

n  A 

U.  D 

6081. 27 

I  25906-42345 

1.6 

6886.  28 

I 

27766-42283 

0  R 
^.  -) 

6101. 87 

I  18356-34740 

1.2 

6892.  36 

I 

25456-39960 

0.6 

AT  "^n  A*^ 
ox^u.  0^ 

n  R 

u.  0 

ARQR  (11 
OOyO,  UX 

•^1  "^nn  —  4ti7Q'^ 

DXDUU  —  4D  1  7  J 

n  A 

VJ.  o 

AT  07  AA 
01 y /  .  00 

T         '^9ARH  — 4HR1Q 
1         jCOoo  —  400X7 

n  R 

U.  0 

ARQP  qR 
OOyO.  yO 

z 

9c:qq7  — /in/ipp 

CD7  7  1  — 4U4oO 

1.2 

A91 7  RQ 

T        1  R'^  c;A  — '^44'^R 

X.  u 

AQnR  9(1 
OyUO.  C\J 

_ 

111  4"^  —  9RA1  4 

XXX4D  —  ^DOX4 

0.  6 

6264.27 

I  33904-49864 

2.5 

6914.  01 

I 

20281-28924 

1.0 

A?A5  8R 

T       18480  —  34435 

0  7 

f>931  40 

20350  —  34774 

0.9 

6290.  74 

I  18356-34248 

1.0 

6934.10 

11454-25872 

0.  8 

6301.  75 

I  24096-39961 

0.4 

6946.  75 

27093-41484 
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Intensity 

and 
Character 

"Wave- 
iengtn 
in  A 

Spec- 
trum 

Energy- 
Levels 
m  Is. 

Intensity 

and 
Characte: 

r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

0.  8 

6947.  39 

20350-34740 

1.2 

7447. 34 

31533-44957 

■L.  ^ 

h 
11 

74R?  9S 

0.  8 

6960. 64 

I 

26336-40698 

0.  6 

7475. 43 

I 

27363-40736 

0.  6 

6961. 48 

I 

25707-40068 

13 

7485.  74 

I 

26320-39675 

1.2 

6978.  71 

I 

26639-40964 

0.  5 

7501.  62 

I 

25795-39122 

0.  6 

6980. 37 

J 

27766-42088 

1.2 

7504.  47 

26639-39960 

AQ84  A7 

P7774  —  47087 

1  -J  1  Xm  Z)J 

J 

onxui.  _ 4nRAA 

L.  I  JXJJ  HUIJOD 

2.  0 

6988.  94 

I 

20130-34435 

1.  0 

7572.  64 

I 

26759-39960 

0.7 

6991. 69 

I 

26189-40488 

0.  6 

7579.  58 

I 

27774-40964 

0.  9 

6999.  13 

I 

26415-40699 

0.  6 

7591.  66 

I 

20130-33299 

0.  6 

6999. 88 

25707-39989 

1.  0 

h 

7595.  16 

25997-39160 

■L.  £■ 

Tfim  AD 

/  UU  J-  .  uu 

1  0 

7Am  84 

7741  R  _  4nc;AA 

0.  8 

7016. 44 

I 

26450-40698 

0.  6 

7649. 52 

I 

27774-40844 

0.  6 

7018.  43 

I 

0.  5 

7653.  26 

I 

26759-39821 

0.  6 

7025.  32 

I 

26336-40566 

1.6 

h 

7656.  76 

I 

31913-44970 

2.  0 

7037.  98 

J 

26639-40844 

1.  2 

7679. 49 

20281-33299 

U.  O  11 

/  U  T  -J  .  C-/ 

?AA-i9  _4nR?9 

n  8 

7709 

2.  0 

7060.  21 

I 

11454-25614 

2.  5 

7720.  77 

I 

20350-33299 

1.  2 

7063.  34 

I 

20281-34435 

0.  8 

7723. 63 

I 

27093-40037 

1.  2 

7081.  22 

I 

20130-34248 

0.  8 

7732.  49 

I 

19970-32899 

0.  8 

7102. 65 

\ 

27774-41850 

0.4 

7752.  34 

27093-39989 

J.  u 

71 09  87 

2561  4  —  39675 

1  6 

7R?9  65 

?m  •^n  -37899 

0.7 

7122.  65 

I 

27363-41398 

1.  4 

7854.  45 

I 

27093-39821 

2.  5 

7134.  08 

I 

11858-25872 

0.7 

7887.  74 

I 

27363-40037 

0.  7 

7240.  46 

I 

26759-40566 

0.  5 

7917.  62 

I 

27363-39989 

14 

7242.  50 

J 

25872-39675 

1.  0 

7923.  15 

J 

20281-32899 

^.  -J 

?m  RR  — 339^0 

n  8 

7968  R5 

0741  5  —  39960 

2.  0 

7267.  62 

I 

11858-25614 

0.4 

7984.  35 

I 

26639-39160 

0.6 

7281. 53 

I 

25906-39635 

1.  4 

7986.  60 

I 

25906-38423 

1.6 

7300. 19 

I 

0.  6 

8027. 32 

I 

20158-32612 

0.  7 

7322. 25 

26336-39989 

0.4 

8058.  22 

{ 

45786-58193 

n  7 

T^y?  7Q 

n  5 

81 n4  67 

O  J.  Ut«  vJ  / 

0.7 

7333.  71 

I 

26189-39821 

0.  8 

8153.  45 

I 

1.2 

7348.  49 

I 

20350-33955 

0.4 

h 

8192. 60 

I 

23516-35719 

0.  5 

7360. 38 

I 

25707-39290 

2.0 

h 

8245. 06 

I 

28715-40840 

1.  2 

7361. 65 

27384-40964 

3.5 

h 

8328.  44 

28836-40840 

0. 9  h 

7364. 41 

0.8 

8351.  15 

25997-37968 

0.7 

7365.  25 

4 

h 

8389.  32 

28924-40840 

3.  5 

7391. 36 

12346-25872 

4 

h 

8483.  39 

0.9 

7434.  10 

5 

25997-39445 
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NEODYMIUM 

Nd 

Nd,  Z=60,  M=  144.27,  Katio  ^=2.270 

Nd  I  Normal  state  of  valence  electrons  4/6s=^  ^I*  =0.    I.P.  «44000K 
Nd  II  Normal  state  of  valence  electrons  4/*6si  ^l3^=0. 

References 

Wavelengths : 
Below  5000  A: 

A.  S.  King,  Astrophys.  J.  78,  9  (1933). 

Supplemented  by  A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola 

Vaticana,  Vatican,  1945). 
F.  Exner  and  E.  Haschek,  Spektren  der  Elemente  bei  Normalen  Druck  (Franz  Deuticke, 

Leipzig  and  Vienna,  1911). 
From  5000  to  6900  A: 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945). 
Supplemented  by  C.  C.  Kiess,  Sci.  Papers  BS  18,  201  (1922). 
Above  6900  A: 

C.  C.  Kiess,  Sci.  Papers  BS  18,  201  (1922). 

Supplemented  by  G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength 

Tables  (John  Wiley  &  Sons,  New  York,  1939). 
W.  Albertson,  G.  R.  Harrison,  and  J.  R.  McNally,  Phys.  Rev.  61,  167  (1942). 

Classification : 

Nd  I,  F.  W.  Paul,  Phys.  Rev.  49,  156  (1936)  (Spectrum  assignment  only). 

P.  F.  A.  Klinkenberg,  Thesis,  Univ.  of  Amsterdam  (1955). 
Nd  I  and  Nd  ii,  A.  S.  King,  Astrophys.  J.  78,  9  (1933)  (Spectrum  assignment  only). 
Nd  II,  W.  E.  Albertson,  G.  R.  Harrison,  and  J.  R.  McNally,  Phys.  Rev.  61,  167 

(1942). 

Relative  intensity  of  neodymium  lines  observed  in  an  arc  of  copper  containing  0.1 

atomic  percent  of  neodymium 

Strong  lines  of  neodymium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

320 
280 

220  d 

220 

4303.  58 
4061.  09 
/      3863.  33 
1      3863.  40 
4012.  25 

0-23230 
3802-28419 
0-25877 
0-25876 
5086-30002 

180 
180 
150 
150 
140 

4040.  80 
4156.  08 
3805.  36 
4109.  46 
3784.  25 

1470-26211 
1470-25524 

2585-26913 

140  d 

140 
120 
120 

/      3851.  66 
\      3851.  74 
4177.  32 
3900.  21 
3911.  16 

1470-27425 
513-24445 

120 
120 
120 
100 

100  d 

3941.  51 
3951.  16 
4247.  38 
3838.  98 
/      3848.  24 
1     3848.  31 

513-25877 
1470-26772 
0-23537 
0-26041 
1470-27449 

100 
90 
85 
80 
80 

3905.  89 
3848.  52 
3990.  10 
3775.  50 
3963.  12 

3802-28857 
3802-29027 

80 
80 
80 
75 
75 

4109.  08 
4451.  57 
5249.  59 

3889.  93 

3890.  58 

513-24843 
3067-25524 
7869-26913 

75 
75 
75 
75 
75 

3890.  94 
3901.  84 
4232.  38 
5130.  60 
5293.  17 

513-24134 
10517-30002 
6637-25524 

Term  combination 


4/<6s  a  - 

ifi&s  a  - 

4/46s  a  - 

4/i6s  a  " 

4/46S  a  ^IsH  ■ 

4/*6s  a  "IsH  ■ 

4/*6s  a  "IsH  ■ 


-4/^6p  2  «K|h 
-4f  6p  2  sK§H 

-4/^6p  y  ''H^H 
-4/46p  2  6K§^ 

-4/^6p  2  6K§^^ 


4/46s  a  6l5j^  ■ 
4/*6s  a  6l4H 


4/<6s  a  6X4^ 

4/46s  a  ■ 

4/46s  a  6l3H 

4/<6s  a  «I3K. 

4/<6s  a  ^l^y, 


231^ 
-4f  6p  2  «K|h 


17Sh 

2l5>^ 

-4/*6p  2  ^Sh 

2604 15h 
-4/^6/)  y  ^Wy, 


4/<6s  a  "IvH  — 4/^6p  y  «I?h 


4/*6s  a  «I7H  - 

4/<6s  a  6I4H 
4/^6s  a  - 
4/<5d  a'LsH- 


290271^^ 

-4/^6p  2  «K§^^ 
-4/46p  2  6K?H 


4/<6s  a  6I4H  — 4/<6p  z  ^ISh 
4/<5d  a  «L,„H— 4/^6p  2  6K§h 
4/*5(i  a  «L7H  — 4/<6p  2  ^Kgj^ 
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Neodym  ium 


—  All  Observed  Lines 


Intensity 

ana 
Character 

Wave- 
iengtn 
in  A 

Spec-  Energy 
,  Levels 
trum            .  „ 
in  is. 

Intensity 

and 
Character 

Wave- 
length 
m  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

2702. 46 

3.  0 

3188.73 

i; 

■J 

2704  54 

3  n 

3?on  6? 

5 

2764.  98 

I 

9 

3203.  47 

II 

4 

2785.  79 

I 

5 

3211. 00 

II 

3.0 

2863.  95 

6 

3217. 12 

II 

3.0 

2921.  26 

3.  0 

3222.  62 

} 

^  / •  oo 

4 

2963.  58 

II 

3.  5 

3234.  62 

5 

2993. 20 

II 

2.5 

3237.  91 

II 

2.5 

2994.  73 

6 

3254.  08 

II 

6 

3007.  97 

3.0 

3256.  91 

JJ 

u 
o 

^  U  ±  t .  ±7 

x^ 

6 

3018.35 

II 

6 

3260.  66 

II 

5 

3026.  47 

13 

3265.  12 

II 

3.  0 

3038.  98 

II 

3.0 

3265.  38 

II 

3.0 

3043. 29 

10 

3267.  25 

J  i.  J.  X 

A 

3273  18 

II 

5 

3052. 15 

II 

19 

3275.  22 

II 

9 

3056.  71 

II 

3.  0 

3281. 49 

8 

3069.  73 

II 

3.0 

3282.78 

II 

0-30453 

4  d 

3071.  43 

J{ 

17 

3285.10 

JJ 

^071 

A 

LI 

3286  6? 

10 

3075.  38 

II 

3.0 

3289.52 

6 

3079.  38 

II 

6 

3290.  65 

II 

6 

3080.  94 

II 

4 

3293.  84 

II 

6 

3092.  73 

4 

3294.  68 

\J/  Cm     /  C 

4 

3298  61 

9 

3098.  48 

II 

18 

3300. 16 

II 

3.5 

3099. 52 

II 

8 

3300. 91 

II 

8 

3105.  43 

II 

4 

3304.  66 

II 

6 

3106. 18 

}J 

5 

3305.  33 

4 

J X  uo,  u X 

A 

331 n  38 

16 

3115.  18 

II 

8 

3310. 91 

II 

12 

3116. 15 

II 

12 

3312.75 

II 

3.0 

3119.  75 

II 

6 

3313. 16 

II 

10 

3123.  06 

6 

3316.  02 

JX^H.  DO 

Xc. 

17 

3133. 60 

II 

4  h 

3326.  26 

13 

3134.  90 

II 

3 

3327.  69 

6 

3137.24 

II 

24 

3328.28 

II 

0-30037 

10 

3141. 46 

15 

3331.  57 

1  7 

3334  48 

1  470  — 31451 

6 

3144.  55 

II 

17 

3339.  07 

II 

513-30453 

6 

3144.  82 

II 

5 

3345.  71 

6 

3148.  51 

II 

5 

3347.  56 

II 

6 

3149.  29 

6 

3347.  89 

6 

3149.  51 

n 

10 

3348.17 

II 

6 

3162.  62 

19 

3353. 59 

6 

3175.  99 

5 

3354.  60 

1650-31451 

3.  0 

3181.  54 

12 

3355.  93 
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Neodymium  —  All  Observed  Lines 


Intensity 

and 
r^hararter 

Wave- 
length 
in  A 

_  Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

3356.  55 

7 

3607.  72 

10 

3359.76 

II 

19 

3609.79 

II 

16 

3364.96 

II 

5 

3612.  75 

5 

3375.  23 

T  T 

II 

oo 

£.C 

'2  ^1  C  OO 

T  T 
1  1 

T  z.c;n  OQOQQ 
ibbU  —  drlcMo 

4 

3386.  29 

1  o 

io 

•2^1  O 
^OiO.  7D 

T  T 
11 

6 

3386.  52 

T  T 

II 

ii 

T  T 
11 

6 

3388.  03 

II 

7 

3626.18 

4 

3389.  33 

7 

3627. 41 

4 

3392. 31 

b 

ibdrl,  ov 

17 

3393.  63 

II 

ID 

T  T 
11 

9 

3410.  25 

T  T 

II 

T  O 

id 

3D3i.  U^: 

T  T 
11 

4 

3412.39 

4 

3633.  47 

3 

3415.55 

20 

3634.30 

II 

11 

3425.  22 

II 

lU 

O  Z.  1  /I     O  "7 

3634.  o  / 

T  T 
11 

10 

3428.  93 

T  T 

II 

4 

3635.  11 

6 

3432.  99 

14 

363  /.  UU 

T  T 
1  1 

3 

3435.43 

14 

3637.23 

II 

6 

3443.32 

II 

11 

3637.  79 

II 

3 

3454.  38 

II 

4 

'2  ^    O    "7  r\ 

363o.  /U 

3 

3461. 83 

14 

3d4U.  ii4 

T  T 
11 

7 

3468.  42 

T  T 

II 

11 

3641. 5U 

T  T 
1  1 

7 

3470.  86 

II  1650-30453 

4 

3642.46 

9 

3481.44 

II 

11 

3643.  63 

II 

7  h 

3484. 88 

I 

/I 
4 

3645.  63 

7 

3510.  70 

II 

14 

•2  Z.  /I  C     "7  O 

3645.  /o 

T  T 
11 

7 

3522.  05 

II        3067  —  31451 

7 

364  /.  93 

12 

3527.  53 

II 

20 

3648.20 

II 

5  h 

3531. 71 

II 

14 

3649.46 

10 

3533. 59 

T  T 

II 

T  /I 

14 

3650.  4/1 

T  T 
11 

11 

3541. 60 

T  T 

II 

3 

*2  z.  c  n 

17 

3543.  35 

T  T 

II 

11 

"2  Z.  Cl     C  Q 

4 

3553.  99 

7 

3652.45 

12 

3555.  77 

II 

24 

3653.15 

II 

24 

3560.  75 

T  T 

II 

14 

"2  z.  c  /I   n  z. 

4 

3561. 61 

II 

-7 

/ 

'2  Z.  C  C     n  '2 

36bb.  03 

T  T 
11 

20 

3568.  87 

II 

7 

'2  /  C  Q     O  /I 

3Db7.  y4 

T  T 
11 

4 

3576.16 

7 

3660.  97 

11 

3582.  63 

28 

3662.  26 

II 

6 

3582. 88 

jooj,  03 

5 

3586.  82 

32 

•2  Z.  Z.  C  TO 

3665.  io 

T  T 
11 

28 

3587.  51 

II 

Q 

7 

^  Z.  ^  O  "7Q 

7 

3588.  23 

11 

3669.  45 

5 

3592. 09 

II 

5 

3669.  75 

18 

3592. 59 

II 

9 

•2  z. "7 r\  no 
3670.  9z: 

7 

3595.  41 

7 

1  Z.  "7T      Z.  Z. 

36/i.  66 

7 

3595.  91 

^  Z.  "70     *2  Z. 

5blc.  3o 

T  T 
11 

20 

3598.  02 

II 

34 

3673. 54 

II 

4 

3600. 12 

6 

o  /  "7  /I     /  r" 

3674.  65 

18 

3600.  91 

II 

5 

3677.  60 

4 

3606.  30 

14 

3678.18 

II 
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Neodymium 


—  All  Observed  Lines 


Intensity 
and 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 
and 

Wave- 

1  <=»  T-|  0'1"Vl 

1  A 

X  Ai  -Ti. 

Spec- 
trum 

Energy 

111  JTv 

6 

3678. 88 

15 

3754.  83 

5 

3684.  29 

22 

3755.  60 

II 

70 

3685. 80 

II 

6 

3756.  83 

7 

3686.  07 

30 

3757.  82 

II 

26 

3687.  30 

II 

55 

3758.  95 

II 

24 

3689.  69 

II 

18 

3759.  79 

II 

18 

3694. 81 

II 

8 

3761.  58 

7 

3697.  17 

5 

3762. 09 

24 

3697.  56 

II 

55 

3763. 47 

II 

6 

3701. 75 

7 

3765.  34 

II 

14 

3702.  84 

7 

3765. 92 

7 

3703.  88 

18 

3766.  59 

14 

3704.  95 

6 

3768.  71 

12 

3712.  81 

30 

3769.  65 

II 

1650-28170 

28 

3713. 70 

II 

8 

3772.  40 

I 

22 

3714.  20 

8 

3772.  93 

38  d 

3714.  73 

11 

3773. 18 

3714.  81 

II 

513-27425 

6 

3774.  93 

15 

3715.  04 

II 

80 

3775.  50 

II 

12 

3715.  39 

II 

15 

3776.  34 

28 

3715.  68 

II 

8 

3777. 00 

5 

3716.  58 

42 

3779. 47 

II 

24 

3718.  54 

34 

3780.  40 

II 

3802-30247 

5 

3719.  21 

30 

3781.  32 

II 

8 

3720.  54 

18 

3783.  78 

24 

3721. 35 

II 

140 

3784.  25 

II 

13 

3722. 42 

16 

3784.  73 

46 

3723.  50 

II 

11 

3784.  85 

II 

24 

3724.  87 

II 

9 

3785.  11 

II 

15 

3726.  90 

7 

3785.  40 

42 

3728.  13 

II 

7 

3788.  97 

28 

3730.  58 

II 

20 

3791.  50 

II 

10 

3731. 22 

II 

9 

3792. 81 

5 

3731. 63 

20 

3795.  45 

II 

6 

3732.  02 

7 

3796.  49 

16 

3732.  78 

II 

10 

3799.  24 

60  d 

3735.  54 

II 

14 

3799.  55 

3735. 60 

II 

22 

3801. 12 

26 

3737.  10 

12 

3801. 38 

II 

60 

3738.  06 

II 

20 

3802. 30 

16 

3741.  42 

II 

70 

3803. 47 

II 

7 

3742  59 

12 

3804. 10 

8 

3744. 24 

150 

3805.  36 

II 

9 

3749.  10 

20 

3805. 55 

II 

12 

3749.  85 

II 

28 

3807.  23 

II 

513-26772 

19 

3750.  31 

8 

3808.  25 

6 

3750.  74 

32 

3808.  77 

II 

7 

3752.  29 

I 

26 

3809. 06 

II 

34 

3752.  49 

II 

34 

3810.  49 

II 

22 

3752.  67 

II 

0-26640 

14 

3811. 06 

II 

3067-29298 
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Neodymium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

lb 

^011,  /  / 

T  T 

i.  I 

n  —  0 A097 

79 

JC. 

7RR7  R7 
J>  oo  / .  o  / 

T  T 

i;i  7  _  9  A997 

DxJ      C OCC 1 

12 

3812.  53 

22  h 

3889.  66 

II 

42 
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5868.  90 

I 

1.  8 

5731. 05 

I 

3.  0 

5871. 04 

2.  5 

5734.  55 

3.  0 

5877.  83 

II 

5 

5739.  96 

II 

3.  0 

5882. 78 

II 

8 

5740.  86 

II 

9358-26772 

3.5 

5883. 29 

I 

3.  0 

5741.  28 

2.  5 

5886.  24 

I 

5 

5742.  08 

II 

3.  5 

5887. 91 

I 

3.  0 

5742.  76 

4 

5891. 53 

II 

8420-25389 

3.  5 

5743. 20 

II 

10337-27744 

2.  0 

5899. 49 

I 

1.2 

5744.  14 

II 

6005-23410 

2.5 

5900. 43 

II 

7525-24468 

5 

5744. 77 

II 

7950-25352 

3.  0 

5906.  65 

II 

6932-23857 

3.  5 

5748.  15 

II 

6005-23397 

4 

5909.  87 

II 

3.  0 

5749.  06 

1.  0 

5914. 40 

I 

6 

5749.  19 

I 

3.  0 

5921. 22 

I 

3.0 

5749. 66 

I 

1.0 

5922. 79 

I 

3.0 

5753. 53 

II 

3.  0 

5934.  75 

II 

6005-22851 

2  0 

5760  00 

3.  5 

5943.  22 

II 

3.  5 

5761. 70 

II 

8420-25772 

1.  6 

5949. 64 

I 

1  6 

5762  08 

I 

3.  0 

5955.  87 

I 

1.2 

5764.  23 

I 

3682-21025 

1.6 

5961.  16 

I 

2.5 

5767.  33 

I 

3.5 

5989. 34 

II 

6005-22697 

4 

5769. 87 

II 

3.  5 

5994.  76 

I 

5 

5770.  50 

II 

8717-26041 

3.  0 

5996. 47 

I 

5 

5776. 12 

I 

5 

6007.  67 

I 

5 

5784.  96 

I 

2367-19648 

1.6 

6009.  30 

II 

5 

5788.  22 

I 

1.  0 

6025.  54 

I 

3  0 

5795.  17 

II 

4 

6031. 27 

II 

10337-26913 

5 

5800  09 

I 

3.  0 

6033.  29 

I 

18 

5804.  02 

II 

6005-23230 

5 

6034. 24 

II 

12460-29027 

5 

5809.  25 

I 

6 

6066.  03 

I 

9 

5811.  57 

II 

6931-24134 

3.  0 

6071. 70 

I 

5 

5813. 89 

I 

3.  5 

6073. 97 

I 

1.  8 

5815.  44 

I 

1.  6 

6101. 75 

I 

3.  0 

5820. 37 

I 

1128-18304 

1.  6 

6108. 41 

II 

9674-26041 

5  d 

5823.  37 

II 

2.5  d 

6133. 47 

I 

3. 0  d 

5823. 72 

I 

3.  0 

6149.  28 

I 

0-16258 

5824.  00 

I 

3.  0 

6155.  06 

I 

8 

5825.  87 

II 

8717-25877 

1.  6 

6156. 16 

I 

3-  5 

5826.  74 

I 

3682-20839 

4 

6157. 83 

II 

1.8 

5830.  72 

I 

2.5 

6166.  67 

II 

9 

584?  39 

II 

10337  —  27449 

4 

6170  49 

II 

9674  —  25877 

1.8 

5843. 23 

5 

6178. 59 

I 

3.5 

5844.  66 

I 

3.  0 

6183. 91 

II 

9358-25524 
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Neody  m  ium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

2.  0 

6201.  74 

II 

4 

6485. 69 

J 

0-15414 

1.4 

6208.  01 

1.8 

6492.  35 

II 

3.  0 

6208.  24 

I 

0.  8 

6495.  59 

II 

1.  0 

6210. 68 

II 

1.8 

6500. 16 

1.  4 

6216.  69 

I 

0.  9 

6504. 46 

II 

9675-25045 

5 

6223. 39 

I 

1.8 

6514.  96 

II 

3.0 

6226.  50 

I 

2367-18423 

1.  4 

6519.  86 

II 

2.5 

6238.  50 

II 

8420-24445 

0.  8 

6523.  15 

II 

7525-22851 

4 

6244.  08 

I 

1.4 

6539. 94 

II 

6005-21292 

1.  4 

6248.  28 

II 

1.  6 

6549. 54 

II 

1.  0 

6250.  43 

II 

1.  6 

6550.  19 

II 

2.5 

6257.  49 

I 

1.  4 

6553. 07 

II 

6932-22188 

3.  0 

6258.  73 

II 

1.4 

6558.  97 

II 

2.  0 

6263.  23 

II 

0.  8 

6568.  47 

2.  0 

6269.  42 

I 

1.  4 

6572.  65 

II 

1.  4 

6270.  27 

I 

2.  0 

h 

6580.  94 

II 

2.5 

6277.  29 

II 

2.  0 

6585.  71 

II 

2.  0 

6282. 00 

I 

1.  8 

6588. 03 

II 

3.  0 

6285.  79 

I 

1.2 

6591.  43 

II 

2.  5 

6292. 84 

II 

1.  o 

6601. 76 

2.  5 

6297.  07 

I 

2.0 

6611. 99 

J 

1.8 

6298.  42 

II 

7525-23397 

1.2 

6615.  88 

I 

2. 0  h 

6301. 97 

I 

1.8 

c 

6618.  53 

\ 

1.  2 

6308.  26 

I 

2.0 

6619. 35 

6 

6310.  49 

I 

2367-18209 

c 
O 

6630.  14 

J 

0-15078 

2.  0 

6319.  69 

II 

1.0 

6636.  15 

1.2 

6321.  22 

I 

2.0 

6637.  19 

II 

2.  0 

6330.  17 

II 

4 

6637. 96 

II 

3.  0 

6341.  51 

II 

7 

6650.  57 

II 

1.  0 

6355. 95 

I 

c 

6655.  67 

2.  0 

6361.  43 

II 

1.6 

6669.  65 

II 

8420-23410 

2.0 

6362. 09 

II 

8420-24134 

1.6 

6670.  37 

2367-17354 

2.  0 

6365.  55 

II 

7525-23230 

1.8 

6678.  52 

II 

1  2 

6375.  97 

I 

3.0 

6680.  14 

II 

2  5 

6382. 07 

II 

1.  u 

6698.  65 

II 

7 

6385.  20 

I 

1128-16785 

1.  6 

6712.27 

J 

2.  0 

6390. 00 

II 

1.0 

6714. 15 

1.4 

6403.  20 

I 

3.0 

6727. 74 

II 

2  0 

6425.  79 

II 

4 

6737.  79 

II 

2  0 

6428.  65 

II 

6 

6740. 11 

II 

0  7 

6429. 84 

I 

4 

6742. 54 

J 

1.8 

6432. 65 

I 

1.  6 

6763.  01 

I 

1.  0 

6445.  79 

II 

1.4 

6763.  78 

1  6 

J-  •  w 

6451. 23 

I 

1.4 

6764.  61 

0.  8 

6454.  80 

I 

5 

6790.  41 

II 

1  4 

J.  •  • 

6457. 13 

I 

1.8 

6801. 34 

J 

1.6 

6463*.  58 

I 

2.5 

6803.  06 

1  2 

6465. 24 

II 

5 

6804. 00 

II 

1.4 

6480.  21 

II 

2.  0 

h 

6812.30 

II 

0.6 

6482. 28 

II 

2.0 

6816.  02 

II 

6005-20673 
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Neodymium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum. 

Energy 
Levels 
in  K 

1.4 

6825.  35 

I 

5 

7189.  42 

I 

2.5 

6842. 66 

II 

4 

7192. 01 

I 

4 

6846.  72 

II 

2.  0 

7198.  83 

I 

1.7 

6846.  93 

1.6  h 

7227.  01 

1.  7 

6852.  23 

I 

3.0 

7236.  52 

1.5 

6857.  00 

I 

1.4  h 

7261.  64 

II 

8420-22188 

1.5 

6873. 07 

1.8 

7285.  29 

II 

9675-23397 

2.2 

6874.  62 

II 

1.  8 

7288.  56 

II 

7525-21241 

1.2 

6876.  00 

II 

1.2 

7291.38 

1.  5 

6886.  86 

I 

1.4 

7298.77 

2.2 

6896.  68 

I 

2.5 

7316.80 

2.0 

6897.29 

1.4  h 

7321. 43 

6 

6900.  43 

II 

1.  4 

7323. 10 

1.7 

6901.33 

1.2 

7334.  56 

I 

2.  0 

6906.  07 

I 

1.2 

7357.16 

3.5 

6923.  86 

I 

1.2 

7374.  04 

2.5 

6926.  87 

II 

1.4 

7381. 81 

1.4 

6932.  16 

I 

1.  8 

7401. 31 

I 

1.8 

6936.  44 

2.0 

7406.  62 

2.  5 

6938.  67 

1.2 

7411.20 

3.5 

6940. 14 

2.0 

7418.18 

5 

6941. 39 

II 

1.8 

7427.  41 

2.5 

d 

6964. 64 

I 

1.  8 

7448.  76 

1.8 

6982. 65 

1.0 

7481. 37 

I 

1.  4 

n 

6985. 25 

I 

2.5 

7511.16 

1.8 

h 

6995.  27 

I 

3.5 

7513. 77 

II 

7525-20830 

3.5 

h 

7010.  80 

1.4  h 

7514. 44 

1.6 

7018.  85 

1.  4 

7516.  01 

3.5 

7020.  92 

1.8 

7526.  49 

3.  5 

7024.  58 

2.5 

7529.  01 

2.  0 

7033. 21 

2.0 

7538.  27 

7 

7037.30 

1.0 

7540.  98 

1.4 

7052. 16 

1.  4 

7547.  00 

I 

1.4 

7054.  72 

1.0 

7577.  54 

T  /I 

1.  4 

7061.48 

- 

1.4 

7587.  66 

II 

9675-22851 

8 

7066.  89 

1.2 

7590.49 

1.6 

7082. 92 

1.2 

7603.  75 

II 

7525-20673 

2.5 

h 

7089.  84 

1.  0 

7605. 94 

2.5 

h 

7092. 09 

1.0 

7614.  69 

2.  5 

h 

7092. 74 

1.8 

7639.  79 

2.5 

h 

7092. 94 

1.6 

7645. 98 

3.  5 

h 

7093. 98 

I 

1.2 

7663.48 

4 

h 

7095.  42 

2.  5 

7696.  61 

6 

7129.  35 

1.2 

7718.15 

2.5 

h 

7142.  04 

0.9 

7743. 87 

2.0 

7143.  72 

0.9 

7749. 02 

1.6 

7151.03 

2.0 

7750.  97 

1.2 

7153. 09 

1.2 

7773. 03 

1.2 

h 

7185.  01 

1.4 

7792.  24 

II 

9358-22188 

2.0 

7189.  02 

1.2 

7796.  42 

II 

10337-23160 
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Neodym  ium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
tr\im. 

Energy 
Levels 
in  K 

1.  6 

7797.  32 

1.  6 

8172.  49 

1.0 

7798.  40 

1.  8 

8179. 83 

2.  0 

7808.  50 

1.8 

8182. 41 

1.  4 

7818.  86 

0.  8 

8185.  63 

i.  U 

7825. 20 

II 

12460-25235 

1.  H 

n 

8205.  36 

^     2.  5 

7862.  84 

2.  0 

8231. 47 

1.  0 

h 

7872. 03 

0.  8 

8248. 77 

1.  4 

7886.  60 

1.  0 

h 

8249.  70 

0.  8 

h 

7896.  50 

0.9 

h 

8262.  80 

1  Q 
i.  o 

7900. 38 

1  A 
1.  *t 

n 

8266.  71 

1.0 

h 

7906.  03 

0.9 

8272. 75 

2.  5 

7917.  01 

0.9 

h 

8302. 74 

2.  0 

7925.  03 

2.  0 

O  '3  n  "7 

8307.  72 

1.0 

7947.  95 

1.  2 

8324.  51 

o  n 

^.  u 

7949. 65 

n  Q 

U.  7 

8332. 01 

1.  0 

h 

7955. 38 

2.  5 

8346.  35 

2.  5 

7958.  93 

1.6 

h 

8375. 23 

2.5 

7965.  69 

0.9 

8394. 72 

3.  0 

7982. 09 

II 

8717-21241 

1.4 

8400. 79 

2.  5 

7982.  67 

1  n 
i.  U 

n 

8456.  80 

2.  5 

8000.  75 

0.9 

8530. 44 

1.  8 

8007.  72 

I 

1.0 

8582. 03 

0.  8 

h 

8020.  08 

1.0 

8591. 43 

1.  6 

8026.  41 

1.  4 

8594.  84 

2.  0 

8043.  33 

I 

1128-13557 

i.  o 

c 

8643.  48 

II 

9675-21241 

1.6 

8051. 30 

1.0 

8667.  00 

1.  0 

8064.  00 

1.0 

8677.  48 

2.  0 

8099.  09 

1.2 

8691. 30 

2.  0 

8120. 85 

1.2 

8695.  07 

2.5 

8122. 08 

1.2 

8712. 84 

2.5 

8141.  72 

1.2 

8715. 01 

2.  5 

8143. 29 

3.5 

8838. 96 

1.  4 

h 

8164.  97 

I 
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NICKEL 


Ni,  Z=28,  M=58.71,  Ratio  ^=0.924 

Cu 

Nil  Normal  state  of  valence  electrons  SdHs^W^  =0.  I.P.=  61579  K 
Niii  Normal  state  of  valence  electrons  3d^     ^D2h=0.    I.P.  =  146408  K 
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L.  S.  Ornstein  and  T.  Bouma,  Phys.  Rev.  36,  679  (1930). 

R.  B.  King,  Astrophys.  J.  108,  87  (1948). 
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Relative  intensity  of  nickel  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  nickel 


Strong  lines  of  nickel 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 

k 

Term  combination 

750 

3414.  76 

1 

205-29481 

3d94s>  a  3D3- 

-3rf94pi 

z 

750 

3524.  54 

1 

205-28569 

SdHs^  a  3D3- 

-3dHpi 

z 

600 

3515.  05 

1 

880-29321 

MHs'  a  3D2- 

-3dHp' 

z 

600 

3619.  39 

I 

3410-31031 

SdHs^  a  'D2- 

-3d94pi 

z 

500 

3492.  96 

I 

880-29501 

3dHs^  a  'Ds- 

-3^94^1 

z 

3po 

460 

3458.  47 

I 

1713-30619 

3dHs^  a  3Di- 

-3dHp^ 

z 

460 

3461.  65 

I 

205-29084 

SdHs'  a  3D3- 

z 

460 

3566.  37 

I 

3410-31442 

MHs'  a  'D2- 

-MHp' 

z 

440 

3446.  26 

I 

880-29888 

3dHs^  a  3D2- 

-3d»4pi 

z 

320 

3002.  49 

I 

205-33501 

3<i94s'  a  3D3- 

-3d84s>4pi 

y 

300 

3012.  00 

I 

3410-36601 

MHs'  a  1D2- 

y 

300 

3380.  57 

I 

3410-32982 

SdHs'  a  'D2- 

-3dHp^ 

z 

300 

3392.  99 

I 

205-29669 

3d94s>  a  3D3- 

-3dHp^ 

z 

280 

3050.  82 

I 

205-32973 

3d94s'  a  3D3- 

-MHs'ip' 

y 

3F| 
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Nickel  —  All  Observed  Lines 


Intensity 

\'\  zi     ^  r""^ ^  T' 

Wave- 

Lll 

111  £\. 

Spec- 
trum 

Energy 

T  .^"xr^l  Q 

1  i  vl-  V  C  X  O 
JLIl  X\. 

Intensity 

a  n  r1 

1             O  "V*        ^  4*  ^""fc  "v^ 

v^ncLxtiCtC  x 

Wave- 

icngLii 
in  A 

Spec- 
trum 

Energy 
Levels 
m  J^. 

18 

2289.  98 

T 

0-43655 

280 

3050  82 

205  —  32973 

8 

2300. 78 

I 

205-43655 

120 

3054.  32 

I 

880-33611 

30 

2310.  96 

\ 

0-43259 

150 

3057.  64 

1713-34409 

26 

2312. 34 

-L             i—              1     1  ^  \J 

40 

3064  62 

880  —  33501 

22 

2313*  66 

T 

38 

3080  76 

1  71  3  —  341  A3 

X  /  X^  ^TXU^ 

22 

2313. 98 

T 

2217-45419 

24 

3097.  12 

T 

1332  —  3361 1 

7 

2316.  04 

II 

8394-51558 

19 

3099! 12 

I 

1332-33590 

22 

2317. 16 

1332-44475 

240 

3101. 55 

880-33112 

44 

2320  03 

J 

0-43090 

120 

3101  88 

.XXWX* 

341  0  —  35639 

30 

2321.  38 

J 

2217-45281 

20 

3105  47 

J 

221  7  — 34409 

(—  L — L  r         ^   F   I  Vy  / 

4 

2322.  68 

J 

25 

3114  12 

J 

880  —  32982 

26 

2325!  79 

I 

1332-44315 

260 

3134.11 

I 

1713-33611 

17 

2329.  96 

J 

2217-45122 

5 

3145.72 

1332-33112 

9 

2337  49 

0-42768 

5 

3181  74 

^  X  U  X  «    f  ~ 

1  561  0  —  47030 

3  0 

2337  82 

J 

1713-44475 

9 

3184  37 

J 

221  7  —  3361 1 

26 

2345  54 

J 

0-42621 

5 

3195  57 

J 

221  7  —  33501 

4.  0 

2346.  63 

I 

1332-43933 

14 

3197. 11 

I 

9 

2347. 52 

0-42585 

5 

3202. 14 

4 

2360  63 

\ 

2217-44565 

16 

3214.  06 

25754-56858 

5 

-J 

2362  06 

T 

1332-43655 

16 

3217.  83 

T 

25754-56821 

8 

2386  58 

J 

880-42768 

9 

3221. 27 

T 

30923  —  61958 

12 

2394.  52 

II 

13550-55300 

14 

3221.  65 

I 

0-31031 

10 

2416. 14 

II 

14995-56371 

19 

3225.  02 

\ 

3410-34409 

12 

2419.  31 

1332-42654 

100 

3232. 96 

0-30923 

4 

2421*  23 

J 

1332-42621 

26 

3234. 65 

T 

880-31786 

4 

2423  33 

J 

1332-42585 

55 

3243.  06 

T 

205-31031 

I—  \J            ^  A.  \J  ^  A- 

4 

2423. 66 

I 

2217-43464 

9 

3248.  46 

I 

205-30980 

4 

2424.  03 

1713-42954 

11 

3250.  74 

3410-34163 

A 

2437  89 

11 
X  X 

13550-54557 

9 

3271  12 

\ 

880  -31442 

A 

2453  99 

2217-42954 

11 

3282. 70 

T 

1332-31786 

X  X 

2472.  06 

J 

2217-42656 

L—  I—  J-    1                  1  f—  \J  ^  KJ 

60 

3315.  66 

T 

880-31031 

6 

2476!  87 

I 

0-40361 

30 

3320.  26 

I 

3.  0 

2696.  49 

3410-40484 

28 

3322. 31 

3410-33501 

1  2 

X  £- 

2798  65 

J 

880-36601 

30 

3361  56 

880-30619 

20 

2821  29 

J 

205  —  35639 

30 

3365  77 

T 

3410-33112 

^    \  A-  \J          ^  ^  A-  A,  I— 

4 

2865  50 

J 

1713-36601 

XfX^  ^uuux 

30 

3366.  17 

T 

1332-31031 

J — y  ^  I—        ^  A.  \J  ^  A- 

5 

2907.  46 

I 

2217-36601 

6 

3366.  81 

I 

2.  0 

2914.  01 

J 

1332-35639 

6 

3367.  89 

205-29888 

40 

2943  91 

205  —  341  63 

260 

3369  57 

0-29669 

46 

2981  65 

J 

880  —  34409 

36 

3371  99 

T 

1332-30980 

20 

2984  13 

J 

0  —33501 

24 

3374  22 

T 

205-29833 

40 

2992.  60 

I 

205-33611 

12 

3374.  64 

I 

27261-56885 

80 

2994.  46 

205-33590 

300 

3380.  57 

3410-32982 

320 

3002  49 

J 

205  —  33501 

22 

3380  85 

2217-31786 

1  RO 

X  VJ  w 

3003  63 

J 

880  —  34163 

120 

3391  05 

T 

0-29481 

300 

3012  00 

J 

3410  —  36601 

300 

3392  99 

T 

205-29669 

28 

3019.14 

0-33112 

12 

3409. 58 

{ 

0-29321 

10 

3031.87 

} 

0-32973 

30 

3413.  48 

1332-30619 

140 

3037.  94 

205-33112 

28542-57829 

12 

3045.  01 

1332-34163 

30 

3413.94 

880-30163 
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Nickel  — 


All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intens  ity 

and 
Characte 

r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

7S0 

3414.  76 

T 

205-29481 

12 

3973. 56 

J 

3410-28569 

150 

3423.*  71 

I 

1713-30913 

12 

4401. 55 

I 

25754-48467 

240 

3433.  56 

205-29321 

9 

4459. 04 

\ 

26666-49086 

90 

3437.  28 

\ 

0-29084 

2.  0 

4462.  46 

27944-50346 

440 

3446.  26 

J 

880-29888 

6 

4470. 48 

T 

27415-49778 

120 

J.  C-  ^ 

3452. 89 

T 

880-29833 

4 

4592. 53 

T 

28578-50346 

460 

3458.  47 

I 

1713-30619 

2.0 

4600.37 

I 

29013-50745 

460 

3461. 65 

205-29084 

7 

4605.  00 

28068-49778 

18 

3467. 50 

1332-30163 

2.  0 

4606.  23 

29013-50717 

22 

3469.  49 

T 

Tl\l-'h\^2>\ 

^    f               ^  -L.  W  a/  ^ 

8 

4648.  66 

T 

27580-49086 

150 

3472. 54 

T 

880-29669 

2.  5 

4686.  22 

J 

29013-50346 

50 

3483. 77 

I 

2217-30913 

10 

4714.  42 

I 

27261-48467 

12 

3485.  89 

1713-30392 

2.  0 

4715.  78 

28578-49778 

500 

3492. 96 

880-29501 

3.  0 

4756.  52 

28068-49086 

60 

3500  85 

T 

1332-29888 

1  4 

4763. 95 

T 

29481-50466 

6 

3502  60 

T 

0-28542 

4 

4786.  54 

T 

27580-48467 

5 

3507. 69 

I 

1332-29833 

2.0 

4807.00 

I 

29669-50466 

240 

3510.  34 

1713-30192 

2.  0 

h 

4829. 03 

28569-49271 

24 

3513.  93 

1713-30163 

1.  8 

4831. 18 

29084-49778 

600 

3515.  05 

T 

880-29321 

4 

4855.  41 

J 

28569-49159 

60 

3519. 77 

J 

2217-30619 

3.  0 

4866.  27 

J 

28542-49086 

750 

3524.  54 

I 

205-28569 

1.6 

4873.  44 

I 

29833-50346 

10 

3527.  98 

1332-29669 

3.  5 

4904.  41 

28569-48953 

30 

3548.  18 

2217-30392 

2.  0 

4918.  36 

30980-51306 

5 

3551. 53 

J 

1332-29481 

1.  2 

4935.  83 

T 

31786-52040 

6 

3561. 75 

T 

0-28068 

3.  5 

4980- 16 

T 

29084-49158 

460 

3566.  37 

I 

3410-31442 

3.5 

4984. 13 

I 

30619-50678 

90 

3571. 87 

1332-29321 

1.  2 

h 

5000. 34 

29321-49314 

12 

3587.  93 

205-28068 

1  4 

5012. 46 

29833-49778 

120 

3597.  70 

T 

1713-29501 

4 

5017.  59 

T 

28542-48467 

120 

3610  46 

J 

880-28569 

8 

5035.  37 

T 

29321-49175 

48 

3612.  74 

I 

2217-29888 

1.2 

5048.  85 

I 

31031-50832 

600 

3619.  39 

3410-31031 

8 

5080.  52 

29481-49158 

12 

3624.  73 

0-27580 

5 

5081. 11 

31031-50706 

18 

J-  %J 

3664*  10 

T 

2217-29501 

2  0 

h 

5084  08 

J 

29669-49333 

^  f  \J\J  f           1  r       ^  ^ 

12 

3669. 24 

T 

1332-28578 

1.  4 

5099.  32 

J 

29481-49086 

16 

3670.  43 

I 

1332-28569 

2.0 

h 

5099.95 

I 

29669-49271 

24 

3674.  15 

205-27415 

1.  6 

5115.  40 

30923-50466 

16 

3688.  42 

2217-29321 

1.  4 

h 

5129.  38 

29669-49159 

8 

3693  93 

T 

880-27944 

1.  8 

5137.  08 

T 

13521-32982 

12 

3722. 48 

J 

1713-28569 

1.  8 

h 

5142.  77 

T 

29888-49328 

15 

3736.  81 

I 

3410-30163 

3.0 

h 

5146.  48 

I 

29888-49314 

6 

3739. 23 

1332-28068 

3.  0 

h 

5155. 76 

31442-50832 

60 

3775. 57 

3410-29888 

1.  2 

5168  66 

29833-49175 

70 

3783. 53 

T 

3410-29833 

1-  0 

5176.  56 

J 

31442-50754 

70 

3807. 14 

J 

3410-29669 

0.  6 

5435. 87 

J 

16017-34409 

12 

3831. 69 

3410-29501 

14 

5476.  91 

14729-32982 

130 

3858.  30 

3410-29321 

0.  5 

5510.  00 

J 

31031-49175 

3.5 

3889. 67 

1713-27415 

0.5 

5578. 73 

13521-31442 

4 

3972. 17 

3410-28578 

0.7 

5587.  86 

15610-33501 
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Nickel 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1  n 

Z>  _J  (CO 

y 

X.  u 

71 Q9  nn 

^UX7^  —  HHi.L£. 

0.7 

5614.  79 

I 

33501-51306 

0.  8 

7197.  02 

I 

15610-29501 

0.4  h 

5625.  33 

32982-50754 

0.  8 

7261.  93 

15734-29501 

"i^Al  1  —  m  "^DA 

n  7 

79Q1  AR 
/  ^  vX.  M-3 

XDDXU  — C.7  JC.X. 

n  & 

U.  H 

\Jc. 

■^AAfn  — 

J/ODUX  -JH^ZjX 

n  A 
u.  0 

9  91  n9  t;  ^^-i  Q 

/  jy  Jm  DU 

9qnRA  — d9AnA 
^7UOH  —  H^DUD 

0.6 

5695.  00 

I 

32982-50537 

2.5 

7409. 35 

I 

30619-44112 

1.8 

5709.  56 

13521-31031 

0.  8 

7414. 51 

16017-29501 

u.  o 

1  c;  AT  n  —  ^"^1  1  9 

lAr>0  OR 

9Q'^91   A97Qn 

C7 JC.L  —  HC.  I7U 

n  fi 

u.  o 

J  1  X  Dm  U  / 

-iOQ7-i  _  c;nAAA 

1<^00  7A 

1  DCCm  10 

^73UX  —  /7U 

D  /  DH.  DO 

1  ciAl  n  —  "^PQR? 

X_^DXU  JL.VOC. 

X.  H 

/  DCDm  i-C 

_ 

9Q'i91  _Zl9AnA 

0.6 

5760. 85 

I 

33112-50466 

3.  0 

7555.  60 

I 

31031-44263 

0.  8 

5857.  76 

33611-50678 

1.2 

7574.  05 

30913-44112 

n  p 

3  O 7^.  oo 

1  Am  7  —  ■^9QR? 

XOUX  / 

J.  J 

7A1  7  nn 
/ ox / .  uu 

9Q4R1  — Z19AnA 
t.7'TOX  — H^OUD 

u.  o 

DXUO.  LC. 

1  "^qOI  —OQRRR 

1.  H 

7A1  Q  0^ 

1  0x7. 

9QAAQ  —  Zl97Qn 
^70D7  —  /7U 

u,  o 

AT  7A  R1 

OX  /  D.  Ol 

•^0077  _  ZIQI  c;R 

771  /I  'lO 
1  1  XH,  J  c. 

1  i;  Al  n  —  9HRAQ 
XIJDXU  —  ^0D07 

0.  8 

6191. 18 

I 

13521-29669 

0.  8  h 

7715.  58 

I 

29833-42790 

1.0 

6256.  36 

13521-29501 

3.0 

7727. 61 

J 

29669-42606 

u.  o 

D^i  H.  DD 

1  c;  AT  n  —  "^1 

11A9.  RQ 

/  /  HO.  07 

9QRRR  —  AOIQO 
C.yOOO  —       /  7U 

1.  0 

1    c,'?!  _ 9Rc;aQ 

XJ-3^-X  —  tOlJDv 

1  A 
X.  0 

77RR 

/  /  00.  7"+ 

1  <^1'\IL  —  9R^A(5 

Cm  0 

(-^1(^1  11 
O  1  O  1 .  II 

XH/^y  cvIjUX 

77Q7  RQ 

/  / 7 /  .  37 

"^1  dZ19  — Zl/19A'^ 

1.0 

bill.  32 

29501-44263 

0.3 

7917.  44 

30163-42790 

1.2 

6914.  56 

15734-30192 

0.3 

8809. 42 

31442-42790 

0.8 

7110.  90 

15610-29669 

1.4 

8862.  55 

32982-44263 

4 

7122. 20 

28569-42606 
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NIOBIUM 

Nb 

Nb,  Z=41,  M=92.91,  Ratio  ^=1.462 

Nb  I  Normal  state  of  valence  electrons  4(^*55^  «DoH=0.  I.P.=  54600  K 
Nb  II  Normal  state  of  valence  electrons  4o?*     ^Dq  =0.    I.P.  =  113000  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 

Sons,  New  York,  1939). 
Supplemented  by  Humphreys'  and  Meggers'  paper  cited  below. 

Classification : 

Nb  I  and  Nb  ii,  C.  J.  Humphreys  and  W.  F.  Meggers,  J.  Research  NBS  34,  477  (1945). 


Relative  intensity  of  niobium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  niobium 


Strong  lines  of  niobium 


Intensity 


Wavelength 
A 


Spectrum 


Energy  levels 
K 


Term  combination 


1700 
1200 
700 
600 
550 

460 
460 
420 
360 
360 

340 
280 
280 
280 
280 

280 

240 

240 
220 

200 
200 
180 
180 
180 

180 
170 
170 
160 
150 

150 
150 
150 
140 
140 


4058.  94 
4079.  73 
4100.  92 
3580.  27 
4123.  81 

4152.  58 

4163.  66 

4164.  66 
3791.  21 
4168.  13 

3713.  01 
3726.  24 
3739.  80 
3798.  12 
3802.  92 

4139.  71 

3535.  30 

4137.  10 
3094.  18 

3349.  06 
3358.  42 
3130.  79 
3575.  85 
3742.  39 

3787.  06 
2927.  81 
2950.  88 
3697.  85 
2697.  06 

3341.  97 
3343.  71 
3537.  48 
3163.  40 
3790.  15 


II 


II 


II 
II 

II 


II 


1050-25680 
695-25200 
392-24770 

1050-28973 
154-24397 

695-24770 
154-24165 
392-24397 
1050-27420 
0-23985 

1050-27975 
154-26983 
695-27427 
392-26713 
695-26983 

1050-25200 
0-28278 
695-28973 
0-24165 
4146-36455 

2154-32005 
2805-32573 
3542-35474 
695-28653 
0-26713 

154-26552 
4146-38291 
4146-38024 

392-27427 
1225-38291 

1143-31057 
1587-31485 
392-28653 
3030-34632 
1050-27427 


5s  a  ^Di^- 

5s  a  ^DjH- 

5s  a  ^D2H- 

5s  a  ^Diy,- 

5s  a  ^DiH" 


5s  a  ^D3H- 
5s  a  ^Di>^- 
5s  a  ^Da^- 
5s  a  'D4v^- 
5s  a  'DoH" 


5s  a  °D4j^- 

5s  a  ^Dii^- 

5s  a  ^Ds)^- 

5s  a  ^D2H- 

5s  a  ^Diyr 

5s  a  ^Di]4- 

5s  a  ^DoH" 

5s  a  ^Dsj^- 

5s  a 'Do^- 

5s  a  - 

5s2  a  <F3H- 
5s2  a  *Fiy,- 
5s  a  - 
5s  a«D3H- 
5s  a  °DoH- 

5s  a  ^Di)^- 
5s  a  - 
5s  a  5F5  - 
5s  a 

M'a^Di  - 

5s2  a  «F,H- 
5s2  a  <F2H- 
5s  a  ^D2H- 
5s  a  5F3  - 
5s  a  *D4i^- 


-5p  y  «FSh 
-5p  y  «F|h 
-5p  y  8F!h 
-5p  y  "P^H 
-5p  y  "FlH 

-5p  y  «F3H 
-5p  y  «FfH 
-5p  y  6FiH 
-5p  y  «D5h 
-5p  y  'F'oH 

-5p  y  6D|h 
-5p  X  «D5h 
-5p  X  «D|h 
-5p  X  6DfH 
-5p  X  6D1h 

-5p  y  8F|h 
-5p  y  «PIh 
-5p  y  «P5h 
-bp  y  6F!j^ 
-5p  z  5G| 

-5p  X  ^G|h 
-5p  X  ^GIh 
-5p  2 
-5p  y  «P§H 
-5p  X  *Diji 

-5p  X  6D8j^ 
-5p  2  *D| 
-5p  2  5F| 
-5p  X  ^D°3^ 
-bp  2  ^Dl 

-5p  X  <G§H 
-5p  X  <G§H 

-5p  2/  «P2>i 

-5p  z  5G| 
-5p  X  ^DsH 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
in  K 

5 

2029.  32 

II 

14 

2558.  94 

I 

1143-40210 

5 

2032.  99 

II 

3542-52715 

24 

2562.  41 

II 

6192-45207 

8 

2109. 42 

{J 

24 

o  r"  /  r*  /IT 

2565.  41 

1587-40555 

8 

2125.  21 

3030-50069 

13 

2567.  51 

J 

1143-40079 

5 

2126.  54 

II 

3542-50552 

18 

2569.  03 

I 

9329-48242 

8 

2131. 18 

II 

2629-49537 

5 

2570.  78 

I 

1587-40474 

12 

2295.  68 

II 

1225-44771 

5 

2571. 05 

1587-40470 

10 

o o  n o  no 

2302.  08 

801  —44227 

20 

2571.  33 

T  T 

II 

1225  —  40104 

13 

2376.  40 

801-42869 

13 

2572.  10 

1143-40010 

10 

2387.  09 

II 

10836-52715 

8 

2574.  84 

II 

159-38984 

13 

2387.  52 

II 

7901-49772 

10 

2576. 60 

I 

2154-40953 

4 

2388.  27 

II 

7901-49759 

10 

2578.  20 

I 

1587-40362 

16 

2398.  48 

10247  —  51927 

3d 

2d1o.  74 

2154  —  40921 

6 

2405.  34 

}} 

10653-52215 

8 

2580.  28 

II 

9510-48253 

6 

2405.  85 

II 

10836-52389 

11 

2583.  11 

8827-47528 

17 

2412.  46 

II 

8320-49759 

8 

2583.  22 

I 

2154-40854 

19 

2416.  99 

II 

10919-52280 

70 

2583.  99 

II 

9813-48501 

18 

2418.  69 

10604  —  51936 

5 

2589.  27 

12 

2433. 80 

9510-50585 

70 

2590. 94 

II 

10186-48771 

6 

2435.  95 

II 

9813-50852 

48 

2592.  20 

2805-41371 

5 

2436.  33 

I 

2154-43187 

8 

2594.  34 

II 

801-39335 

7 

2437.  42 

II 

7506-48520 

17 

2594.  74 

II 

7901-46429 

6 

/I  /I  O      T  ^ 

2442.  14 

10247  —  51182 

8 

2597.  14 

1587  —  40079 

5 

2442.  68 

16219-57145 

13 

2601.  29 

II 

10186-48617 

12 

2451.  87 

II 

12263-53036 

6 

2601.  84 

I 

1587-40010 

12 

2453.  95 

II 

13690-54429 

5 

2602.  01 

I 

10 

2458.  09 

II 

14791-55461 

4 

2603.  31 

I 

2154-40555 

12 

2462.  89 

2805—43396 

5  n 

1   n  o   o  /I 
26Uo.  o4 

OTC/l  /in/l~7/l 

2154  — 4U4  /4 

6 

2466.  73 

\ 

2805-43333 

5 

2608.  96 

II 

9813-48130 

10 

2469.  08 

I 

2154-42643 

13 

2610.  28 

I 

1587-39886 

20 

2477.  38 

II 

6192-46545 

11 

2612.  38 

I 

2154-40422 

12 

2478.  29 

II 

10247-50585 

2.0 

2613.  85 

II 

438-38685 

12 

2479.  94 

T  T 

II 

10186  —  50498 

19 

2616.  48 

2154  —  4U362 

6 

2483. 88 

II 

10604-50852 

12 

2620.  45 

II 

7506-45656 

5 

2502.  49 

II 

10604-50552 

2.  0 

2622. 00 

I 

8827-46954 

20 

2504.  65 

I 

2805-42719 

20 

2623.  51 

I 

1143-39248 

20 

2511. 00 

II 

5562-45375 

19 

2627.  44 

I 

2805-40854 

7 

2520.  51 

19 

2628.  49 

Ibo  /  — 3762U 

20 

2521.  40 

II 

9510-49158 

14 

2632.  52 

II 

8320-46296 

5 

2524.  99 

1143-40735 

6 

2634.  71 

I 

1587-39530 

16 

2525.  81 

II 

10919-50498 

5 

2637.  98 

II 

10604-48501 

10 

2530.  97 

II 

14626-54125 

14 

2640.  92 

2154-40009 

5 

2531. 25 

II 

14678  —  54173 

4 

2641.  06 

II 

luyiv  —  4o / /i 

16 

2540.  62 

II 

14661-54010 

30 

2642.  24 

II 

9510-47345 

16 

2541.  42 

II 

1225-40561 

48 

2646.  26 

II 

438-38216 

70 

2544.  80 

II 

7261-46545 

50 

2647.  50 

I 

1143-38903 

5 

2548.  63 

II 

13055-52280 

36 

2649.  52 

2154-39886 

20 

2551. 38 

II 

6192-45375 

13 

2651.  12 

II 

10919-48627 

10 

2555.  63 

II 

9510-48627 

5 

2652.  94 

8827-46510 

24 

2556.  94 

II 

7261-46359 

14 

2653.  38 

2805-40482 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
tr  uim 

Ene  r  gy 
Levels 
in  K 

50 

2654.  45 

I 

1587-39248 

70 

2721.  98 

II 

801-37528 

6 

2655. 70 

I 

8827-46471 

4 

2722. 31 

I 

1143-37865 

46 

2656.  08 

II 

159-37797 

5 

2723.  66 

II 

13055-49759 

10 

2656.  98 

I 

9329-46954 

9 

2723.  98 

I 

2154-38854 

24 

2657.  62 

I 

2805-40422 

8 

2726.  08 

I 

1143-37815 

4 

2658.  88 

II 

8320-45919 

4 

2727.  43 

II 

13119-49772 

4 

2660.  04 

II 

10919-48501 

5 

2728.  08 

I 

1587-38232 

6 

2661. 86 

I 

2805-40362 

4 

2729.  83 

I 

2805-39427 

4 

2663.  56 

II 

9813-47345 

8 

2730.  32 

II 

13119-49733 

16 

2665.  25 

II 

10247-47756 

46 

2733.  26 

II 

801-37377 

17 

2666.  59 

II 

801-38291 

12 

2733.  46 

II 

159-36732 

6 

2667. 15 

II 

8320-45802 

3.  0 

2734.  35 

II 

7506-44067 

17 

2667. 30 

II 

0-37480 

16 

2737.  09 

II 

438-36963 

13 

2667.  76 

II 

10604-48078 

13 

2740.  18 

II 

9813-46296 

19 

2668.  29 

I 

2154-39620 

6 

2741. 15 

I 

8827-45297 

60 

2671.  93 

II 

801-38216 

4 

2744.  96 

II 

10653-47073 

30 

2673.  57 

II 

15396-52788 

9 

2745.  30 

II 

4146-40561 

30 

2675. 94 

II 

438-37797 

10 

2745.  73 

II 

9510-45919 

4 

2677.  66 

II 

10919-48253 

30 

2746.  91 

I 

1143-37537 

10 

2678.  66 

II 

159-37480 

30 

2748.  85 

I 

1587-37955 

14 

2679.  01 

I 

1587-38903 

28 

2753.  01 

I 

7 

2680.  06 

II 

8320-45622 

11 

2753.  14 

II 

15396-51707 

4 

2682.  13 

I 

2154-39427 

4 

2754.  07 

I 

10 

2686. 39 

II 

18508-55722 

10 

2754.  52 

II 

438-36732 

19 

2687. 15 

I 

2805-40009 

14 

2755.  29 

I 

8827-45110 

24 

2691. 77 

II 

159-37298 

12 

2755.  64 

I 

1587-37865 

14 

2695. 04 

I 

2154-39248 

9 

2757. 26 

II 

12263-48520 

6 

2696.  05 

I 

2805-39886 

42 

2758.  61 

I 

2154-38393 

150 

2697.  06 

II 

1225-38291 

4 

2758.  78 

II 

10836-47073 

48 

2698.  86 

II 

438-37480 

8 

2761.  00 

I 

6 

2700. 15 

II 

7901-44925 

12 

2763.  38 

I 

2805-38982 

3.  0 

2700.  56 

II 

3542-40561 

8 

2764.  56 

II 

801-36963 

48 

2702. 20 

II 

801-37797 

10 

2765.  28 

II 

1225-37377 

22 

2702. 52 

II 

1225-38216 

5 

2765. 93 

II 

7506-43649 

6  h 

2704.  26 

II 

13480-50447 

2.  5 

2766.  18 

I 

12102-48242 

14 

2706.  40 

II 

438-37377 

36 

2768.  13 

II 

438-36553 

5 

2707.  83 

II 

9510-46429 

2.  5 

2769. 57 

II 

10247-46343 

3.  0 

2714.  20 

I 

2805-39638 

10 

2771.  40 

II 

21073-57145 

4 

2715. 34 

II 

16219-53036 

3.  0 

2771. 65 

II 

13690-49759 

4 

2715. 50 

I 

2805-39620 

46 

2773.  20 

I 

2805-38854 

4 

2715. 69 

I 

1143-37955 

8 

2779.  36 

I 

1143-37112 

6 

2715.  88 

II 

13055-49864 

10 

2779.  72 

I 

10 

2716.  10 

I 

1587-38393 

40 

2780.  24 

II 

A  ^     A    /              A  ^  n    ^  A 

4146-40104 

9 

2716.  31 

II 

159-36963 

20 

2782.  36 

I 

9329-45259 

70 

2716.  62 

II 

1225-38024 

4 

2790.  57 

II 

10604-46429 

5 

2717.  33 

II 

12 

2791.  74 

II 

9813-45622 

4 

2717.  63 

II 

9510-46296 

17 

2793.  05 

II 

3542-39335 

4 

2720.  02 

I 

5965-42719 

4 

2795. 14 

II 

13480-49246 

4 

2720.  26 

II 

3030-39780 

3.0 

2795.  86 

I 

1587-37344 

6 

2721.  63 

II 

0-36732 

9  c 

2797.  69 

II 

11340-47073 

609065  O  -  62  -  15 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte 

r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

7 

2798.  91 

II 

7901-43618 

85 

2883.  18 

II 

3542-38216 

5 

2799.  36 

I 

2154-37866 

10 

2884.  97 

12503-47155 

o 

tLo\J\J,  DC 

T 
I 

iDo  1  —  i  1  col 

3.  5 

2887.  69 

14626-49246 

3.  0 

2802.  07 

I 

2154-37832 

42 

2888.  83 

\\ 

2357-36963 

9 

2803.  81 

II 

3030-38685 

5 

2889.  90 

I 

1587-36180 

,  6 

2808.  05 

I 

1587-37188 

6 

2894.  42 

II 

10836-45375 

4 

2809.  17 

II 

2629-38216 

70 

2897.  81 

II 

3030-37528 

ii 

^BiU.  oi 

T  T 
11 

O^CV  —^JOO  1 

bU 

O  OQO     O  /I 

2o7V.  24 

3542  —  38024 

6 

2811. 63 

I 

11525-47081 

14 

2903.  65 

^\ 

1587-36016 

4 

2816.  68 

II 

13666-49158 

70 

2908.  24 

II 

2357-36732 

8 

2819.  21 

I 

12 

2908.  88 

II 

14791-49158 

6 

2820.  80 

II 

2357-37797 

100 

2910.  59 

II 

3030-37377 

3.  U 

T 
1 

coUD —  iocic 

lU 

2911.  74 

2629  —  36963 

11 

2825.  18 

I 

2154-37540 

10 

2917.  05 

\\ 

10653-44925 

3.5 

2825.  86 

II 

10919-46296 

170 

2927.  81 

II 

4146-38291 

10 

2826.  48 

I 

2154-37524 

16 

2931.  47 

II 

2629-36732 

28 

2827.  08 

II 

159-35521 

5 

h 

2932.  66 

11 

10836-44925 

D 

COL^.  ID 

T  T 
11 

\.CCD  —  JODDJ 

4 

O  Q  O  C     O  Q 

2935.  29 

9510  —43568 

14 

2835.  12 

II 

3030-38291 

5 

2937.  33 

}{ 

10604-44639 

22 

2836.  24 

I 

14 

2938.  07 

I 

2154-36180 

16 

2840.  94 

I 

2154-37344 

130 

2941.  54 

II 

3542-37528 

38 

2841. 15 

II 

3030-38216 

16 

h 

2945.  88 

II 

10836-44771 

3.  5 

o  o  yi  o  no 

T 
1 

5^170-41)4/4 

17 

o  n  yi  TO 
2946.  12 

3030  —  36963 

42 

2842. 65 

II 

2629-37797 

16 

2946.  90 

\l 

2629-36553 

4 

2843. 64 

II 

10186-45342 

170 

2950.  88 

II 

4146-38024 

4 

2844.  44 

II 

14626-49772 

3.  0 

2954. 02 

II 

14678-48520 

8 

2845.  80 

II 

9510-44639 

6 

2954. 53 

II 

14791-48627 

<:4 

O  O  /I  /      O  O 

T  T 
II 

cbbl — 374oU 

5 

once  AC 

2955.  45 

10238  —  44063 

3.5 

2847.  24 

II 

14661-49772 

6 

2956.  89 

II 

7901-41710 

10 

2848.  30 

II 

14661-49759 

3.0 

2959.  97 

I 

2154-35928 

11 

2849.  56 

II 

438-35521 

6 

2963. 68 

I 

4998-38730 

16 

2851.  45 

I 

10238-45297 

12 

2965.  48 

4998-38710 

13 

O  O  C  T      Q  O 

T 
1 

1  on  no     yi  71  cc 
Lc\\JC—'\  ILDD 

r 

b 

a 

OQ7n     A  Cl 

27  /U.  4U 

11 

12263  — 4!37i7 

10 

2854.  17 

I 

2805-37832 

2970.  47 

II 

13690-47345 

7 

2857.  29 

I 

5965-40953 

60 

2972.  57 

II 

11340-44971 

6 

2859.  04 

II 

10836-45802 

48 

2974.  10 

II 

10919-44532 

14 

2859.  96 

I 

2805-37761 

32 

2977.  68 

II 

10653-44227 

36 

^o61.  U9 

T  T 
11 

cib  1  —  5 1  c^o 

n 
7 

0Q70  OA 
C7  /O.  74 

T  T 
11 

i  /272  — bUoD2 

15 

2864.  32 

I 

8 

2979.  88 

II 

21473-55021 

15 

2865.  61 

II 

0-34886 

14 

2980.  72 

II 

12263-45802 

6 

2866.  67 

I 

1143-36016 

10 

2981. 64 

I 

2805-36334 

75 

2868.  52 

II 

2629-37480 

30 

2982.  11 

II 

3030-36553 

14 

O  O  "7  /I      C  "7 

^o74. 57 

T 
1 

o 

OQOI     1  A 

cyoj. 14 

1143  —  34bDD 

120 

2875.  39 

II 

8 

2985. 05 

II 

13055-46545 

40 

2876.  95 

II 

3542-38291 

13 

2987. 29 

I 

5298-38763 

80 

2877.  03 

II 

2629-37377 

10 

d 

2988.  69 

I 

9439-42889 

10 

2878.  74 

II 

159-34886 

2988.  79 

4998-38447 

7 

2879.  36 

II 

801-35521 

50 

2990.  26 

II 

11340-44771 

7 

2879.  49 

I 

2805-37524 

12 

2991. 95 

II 

10653-44067 

15 

2880.  72 

II 

10919-45622 

70 

2994.  73 

II 

4146-37528 
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Niobium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
triiin 

Energy 
Levels 
in  K 

4 

3000.  12 

I 

8 

3152. 16 

II 

21073-52788 

10 

3002. 21 

II 

11340-44639 

140 

3163.40 

II 

3030-34632 

5 

3005.  14 

I 

1587-34854 

5 

3172.  51 

I 

1143-32654 

8 

3005.  77 

II 

17292-50552 

9 

3173.  20 

II 

14791-46296 

5 

3010.38 

II 

15949-49158 

18 

3175.  78 

II 

10653-42133 

3175.  86 

II 

7506-38984 

5 

3010.  69 

II 

17292-50498 

8 

3020.  67 

5298-38393 

46 

3180.29 

II 

7901-39335 

8 

o  n  o  o  "7/1 

3022.  74 

T  T 

II 

17425  —  5U49o 

o 

o 

•2 1  oi  /in 
3iol. 40 

T  T 
11 

"70Z.1  '20/0C 

/2ol  —  38685 

17 

3024.  74 

II 

10836-43887 

9 

3184.  22 

II 

15949-47345 

42 

3028.  44 

II 

3542-36553 

9 

3186.  54 

I 

4998-36371 

4 

3029.  74 

II 

12806-45802 

24 

3187.  49 

I 

2805-34169 

36 

3032.  77 

II 

10604-43568 

9 

3189.28 

II 

17425-48771 

4 

3039.  41 

T  T 

II 

2629  —  35521 

O  / 

36 

3191. iU 

T  T 
II 

4146  —  35474 

8 

3039.  68 

5965-38854 

18 

3191. 43 

II 

17292-48617 

5 

3039.  82 

II 

11340-44227 

120 

3194.  98 

II 

2629-33919 

12 

3044.  76 

II 

13666-46500 

8 

3200.  53 

I 

2154-33390 

18 

3048.10 

I 

5965-38763 

14 

3203.  35 

II 

17292-48501 

13 

3053. 09 

5965  —  3o /iO 

36 

32U6.  34 

T  T 
II 

7506  —  38685 

12 

3055.  52 

II 

16053-48771 

9 

3210. 29 

I 

9329-40470 

9 

3056.  62 

I 

46 

3215.  60 

II 

3542-34632 

4 

3061.  11 

J 

9329-41987 

11 

3217.29 

I 

5298-36371 

4 

3061.  24 

I 

5298-37955 

8 

3217.86 

I 

1587-32654 

9 

3063.  79 

13666  —  46296 

9 

3223. 32 

T  T 

II 

8320  —  39335 

26 

3064.  53 

11 

10247-42869 

95 

3225.  48 

II 

2357-33351 

9 

3065.  26 

II 

10836-43450 

17 

3229.  56 

II 

7261-38216 

4 

3066.  10 

II 

13690-46296 

48 

3236.  40 

II 

3030-33919 

13 

3069.  68 

n 

13055-45622 

5 

3246.  78 

I 

1143-31934 

12 

o  n ~7 n  HA 

3070.  90 

14791  —4/345 

c'\ 

■2  O  /I  "7  /IT 

3^4  /.  4  / 

T  T 

11 

/7Ui  —  ioboo 

4 

3071. 18 

\\ 

15949-48501 

14 

3248.  94 

II 

6192-36963 

13 

3071.  56 

II 

11340-43887 

19 

3249.  52 

I 

1143-31908 

5 

3072. 41 

I 

4998-37537 

9 

3251.  62 

I 

2154-32899 

8 

3072.  51 

II 

13119-45656 

38 

3254.  07 

II 

2629-33351 

12 

3073.  24 

2357  —  34886 

9 

3260.  14 

I 

1143  —  31808 

48 

3076.  87 

3030-35521 

28 

3260.  56 

II 

17470-48130 

13 

3080.  35 

II 

10836-43290 

19 

3263.  37 

II 

21073-51707 

9 

3087.  86 

II 

12263-44639 

19 

3264.  59 

I 

2805-33428 

220 

3094.  18 

11 

4146-36455 

9 

3267.  05 

I 

8827-39427 

8 

3096.  50 

1587  —  33o72 

14 

'2  1  "7n     /I  *7 

3270.  47 

T 
I 

17 

3099.  19 

II 

2629-34886 

12 

3270. 76 

I 

1143-31708 

18 

3111.  45 

I 

1587-33717 

24 

3272. 07 

I 

1587-32140 

9 

3116.  36 

I 

10238-42317 

9 

3272.  22 

II 

14791-45342 

8 

3122. 65 

2154-34169 

19 

3277.  67 

I 

1587-32088 

32 

3127.  53 

T  T 

II 

17425  —49390 

24 

3283.  46 

T  T 
II 

ioU53  — 4or)UU 

4 

3129.  64 

II 

10653-42597 

28 

3285.  66 

I 

1587-32013 

180 

3130.  79 

II 

3542-35474 

24 

3287.  59 

I 

1143-31551 

9 

3133. 08 

I 

8827-40735 

19 

3287.  92 

I 

5965-36371 

9 

3136.  97 

1143-33011 

10 

3291.  06 

II 

3542-33919 

9 

3140.  50 

II 

12806-44639 

19 

3292.  02 

II 

15551-45919 

46 

3145.  40 

II 

8320-40104 

10 

3294.  36 

II 

15949-46296 

17 

3151. 87 

2154-33872 

38 

3296.  01 

I 

2805-33136 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
t  ru.in 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

19 

3299.  61 

2154-32452 

10 

3398.  25 

T 

14 

3304.  83 

I 

13146-43396 

14 

3399.  40 

I 

2805-32214 

14 

3308.  05 

\ 

1587-31808 

10 

3399.  71 

II 

14661-44067 

14 

3310.  47 

2805-33004 

10 

3403.  02 

10 

3311. 34 

12982-43173 

28 

3405.  41 

J 

9498-38854 

^-  48 

3312. 60 

T 

2154-32333 

16 

3406. 13 

T 

9043-38393 

24 

3315.  22 

I 

8827-38982 

32 

3408.  38 

I 

2154-31485 

24 

3318.  98 

1587-31708 

28 

3408.  68 

II 

6192-35521 

14 

3319.  26 

\ 

2805-32924 

22 

3409.  19 

II 

5562-34886 

14 

3319.  58 

II 

12bl-?>1311 

f                              ^   §   ^/    f  f 

9 

3409.  91 

11044  —  40362 

5 

3320. 81 

II 

15551-45656 

28 

3412.  94 

II 

7261-36553 

29 

3326.  62 

9329-39381 

11 

3414. 07 

2805-32088 

20 

3329.  36 

8827-38854 

22 

3415. 97 

9498-38763 

13 

3332.  16 

\ 

2154-32156 

11 

3417.  86 

8705-37955 

15 

3341. 60 

II 

10186-40104 

11 

3420.  63 

II 

7506-36732 

150 

3341. 97 

T 

1143-31057 

22 

3423. 76 

T 

2805-32005 

150 

3343. 71 

I 

1587-31485 

28 

3425.  42 

II 

10919-40104 

10 

3343.  96 

II 

8320-38216 

16 

3425.  85 

13012-42194 

15 

3346.  93 

4998-34868 

28 

3426.  57 

II 

10604-39780 

200 

3349.  06 

J 

2154-32005 

28 

3427.  45 

W                   ^  -L-    /     t  ^ 

50 

3349.  52 

T 

11525-41371 

5 

3428.  79 

T 

10923-40079 

5 

3352. 59 

I 

2154-31973 

16 

3429.  04 

I 

5965-35120 

40 

3354.  74 

2805-32605 

5 

3432.  42 

8411-37537 

15 

3357.  04 

2154-31934 

22 

3432. 70 

II 

16219-45342 

200 

3358.  42 

T 

2805-32573 

9 

3433.  09 

9329-38449 

15 

3365.  58 

II 

8320-38024 

11 

3436.  96 

II 

15551-44639 

40 

3366.  96 

9329-39021 

11 

3439.  92 

II 

7901-36963 

10 

3367.  38 

8705-38393 

22 

3440.  59 

II 

8320-37377 

15 

3369.  16 

II 

15949-45622 

8 

3442. 65 

8827-37866 

8 

3369.  83 

9043-38710 

4 

3442.  79 

J 

12102-41140 

20 

3371. 33 

T 

2154-31808 

11 

3445.  68 

J 

12358-41371 

8 

3372. 09 

I 

2805-32452 

11 

3452.  35 

II 

14661-43618 

8 

3372.  56 

II 

10919-40561 

3452. 37 

11525-40482 

5 

3374  25 

II 

7901-37528 

9 

3456.  54 

J 

9329-38251 

42 

3374  92 

8827-38449 

11 

3457.  79 

T 

9043-37955 

8 

3376  34 

T 

12137-41746 

9 

3458.  95 

T 

5965-34868 

10 

3376  73 

T 

11248-40854 

11 

3459.  70 

J 

9498-38393 

8 

3380  05 

T 

2805-32382 

6 

3462.  65 

T 

2154-31026 

3380  41 

J 

1143-30716 

XX~^         ^  \J  1  ^  \J 

20 

3463.  81 

T 

13012-41874 

16 

3380  86 

T 

5298-34868 

22 

3465.  86 

J 

1143-29987 

3380  93 

TT 

X  X. 

16053  —  45622 

11 

3467.  47 

T 

8705-37537 

10 

3383. 80 

I 

8411-37955 

15 

3469.  44 

I 

9329-38144 

10 

3384.  66 

12018-41555 

12 

3471. 19 

16919-45719 

3386  24 

TI 

X  X 

9813-39335 

17 

3473.  02 

13146-41931 

10 

3387  75 

5298-34808 

6 

3475.  58 

J 

12982-41746 

10 

3390  63 

T 

9498-38982 

34 

3478.  69 

J 

5965-34704 

5 

3391.  33 

12137-41615 

3478.  78 

II 

10247-38984 

42 

3392. 34 

\ 

1587-31057 

24 

3479.  56 

II 

10604-39335 

5 

3394.  98 

II 

12263-41710 

6 

3481. 05 

4998-33717 

20 

3395.  93 

1587-31026 

12 

3484.  05 

II 

6192-34886 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

6 

3485. 93 

T 

13515-42194 

60 

3593.  97 

T 

392-28208 

9 

3489.  09 

II 

7901-36553 

6 

3597.  26 

I 

12288-40079 

28 

3491. 03 

1143-29779 

6 

3598.  35 

\ 

0-27783 

6 

3491. 48 

1143-29776 

18 

3599. 28 

13146-40921 

9 

3496.  03 

T 

12358-40953 

18 

3599. 63 

J 

1587-29360 

24 

3497. 81 

J 

60 

3602.  56 

J 

695-28445 

60 

3498.  63 

I 

5298-33872 

6 

3604.  08 

I 

695-28434 

12 

3503.  20 

9329-37866 

18 

3615.  50 

12358-40009 

6 

3505.  81 

9439-37955 

11 

3617.  71 

17476-45110 

55 

3507.  96 

J 

154-28653 

6 

3618.  44 

J 

154-27783 

24 

3510.  26 

II 

16053-44532 

11 

3618.  90 

J 

4998-32623 

10 

3511.19 

10238-38710 

36 

3619.  51 

II 

7901-35521 

24 

3515.  42 

II 

10247-38685 

6 

3619.  73 

II 

15949-43568 

3516.  20 

9329-37761 

24 

3621. 03 

2154-29763 

ft—  -— -  — '   1  ft — •  /  •  \^  ^ 

10 

3516  86 

J 

9439-37865 

17 

3625.  17 

J 

10238-37815 

24 

3511.  bl 

II 

16219-44639 

17 

3625.  71 

J 

12982-40555 

3517.76 

5298-33717 

18 

3630.  62 

I 

12102-39638 

24 

3520.  06 

1587-29987 

12 

3633. 00 

12692-40210 

10 

3525. 23 

13012-41371 

11 

3633. 31 

II 

16053-43568 

12 

3533.  66 

J 

154-28445 

18 

3633. 71 

154-27666 

6 

3534. 12 

J 

5965-34253 

12 

3634.  44 

J 

8827-36334 

240 

3535.30 

I 

0-28278 

12 

3635.  32 

I 

12503-40003 

695-28973 

12 

3636.  96 

12358-39846 

150 

3537.  48 

392-28653 

12 

3637.  54 

12137-39620 

12 

3539.  65 

J 

9043-37287 

18 

3637.  83 

J 

30 

3540.  96 

II 

8320-36553 

12 

3638.  79 

J 

2805-30279 

12 

3541.  90 

13146-41371 

24 

3639.  33 

I 

13012-40482 

6 

3542.  56 

2805-31026 

18 

3640.  64 

154-27614 

11 

3542.  98 

1143-29360 

10 

3643.  34 

12982-40422 

60 

3544. 02 

J 

0-28208 

10 

3643.  72 

J 

15282-42719 

30 

3544. 65 

T 

5965-34169 

12 

3644.  94 

J 

9439-36867 

12 

3548.  13 

I 

1587-29763 

6 

3647.31 

I 

13012-40422 

6 

3549.  26 

13405-41572 

50 

3649.  85 

392-27783 

36 

3550. 45 

392-28549 

30 

3650.  81 

1050-28434 

30 

3554.  52 

J 

2154-30279 

48 

3651. 19 

II 

7506-34886 

120 

3554.  66 

T 

154-28278 

12 

3655. 98 

J 

154-27499 

6 

3559.  12 

I 

4998-33087 

12 

3657.  11 

I 

13146-40482 

75 

3563.  50 

154-28208 

24 

3659. 61 

II 

15551-42869 

75 

3563.  62 

392-28445 

70 

3660.  37 

2805-30117 

6 

3568.  51 

11 

7506-35521 

6 

3661. 68 

J 

10238-37540 

12 

3568.  72 

J 

4998-33011 

10 

3662.  05 

J 

1143-28442 

22 

3569.  47 

T 

2154-30162 

100 

3664.  70 

J 

695-27975 

6 

3575.  13 

J 

12018-39981 

6 

3666.  53 

J 

11248-38514 

180 

3575.  85 

T 

695-28653 

5 

3667. 00 

J 

12358-39620 

24 

3577. 72 

T 

10238-38180 

6  d 

3667.  66 

J 

10923-38180 

3667.  76 

J 

600 

3580.  27 

T 

1050-28973 

10 

3582.  36 

5965-33872 

14 

3668.  62 

4998-32249 

60 

3584.  97 

{ 

392-28278 

24 

3669.  01 

5298-32546 

90 

3589.  11 

695-28549 

11 

3669.  74 

12288-39530 

60 

3589.  36 

2805-30658 

4 

3671.  37 

12018-39248 
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Niobium  —  All  Observed  Lines 


Intensity 

Wave- 

J.  C  11  ^  Lii 

in  A 
111  ji. 

Spec- 
trum 

Energy 

AjC  V  CI  0 

in  K 
ill  x\. 

Intensity 
3.ncl 

r\  ^        "[i  /">  4-  -v* 

^ndrdcte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

6  he 

3672. 44 

{ 

392-27614 

180 

3742.  39 

0-26713 

3.  0 

3673. 23 

13146-40362 

20 

3744.  00 

\ 

10923-37625 

30 

3674.  78 

I 

392-21591 

14 

3746.  91 

I 

3.  0 

3675.  17 

18 

3748.  55 

I 

8827-35496 

10 

3676.  31 

12692-39886 

7 

3750.  63 

I 

1143-27797 

10 

3677.  08 

11044-38232 

26 

3753. 18 

695-27332 

12 

3677.  78 

\ 

9329-36511 

4 

3755.  28 

\ 

1587-28208 

3.  0 

3678.  72 

I 

15467-42643 

22 

3755.  77 

I 

11248-37866 

9 

3686.  56 

2154-29272 

14 

3759.  55 

I 

392-26983 

3.  0 

o  /  m     /I  /I 

3687.  44 

12137-39248 

4 

3760.  64 

11248-37832 

12 

3687.  97 

II 

17425-44532 

18 

3761. 13 

11044-37625 

9 

3688.  18 

II 

10919-38024 

4 

3762.  45 

} 

12 

3688.  70 

695-27797 

55 

3763. 49 

I 

154-26718 

9 

3689.  04 

11044-38144 

16 

3764.  12 

154-26713 

16 

3693.  37 

I 

4998  —  32066 

36 

3765.  08 

0-26552 

16 

3694.  67 

11525-38583 

26 

3766. 13 

392-26937 

10 

3695.  90 

II 

14661-41710 

18 

3769.  15 

J 

1143-27666 

13 

3697.  39 

5965-33004 

14 

3769.  98 

I 

12503-39021 

160 

3697.  85 

I 

392-27427 

8 

3770.  71 

11248-37761 

10 

3699.  93 

14 

3770.  87 

13 

3703.  16 

13012-40008 

55 

3771. 85 

392-26897 

13 

3703. 91 

I 

13012-40003 

11 

3773.  15 

11044-37540 

15 

3704.  14 

I 

11525-38514 

7 

311^.  44 

5965-32452 

7 

3707.  80 

I 

1587-28549 

14 

3775. 45 

I 

11044-37524 

20 

3709. 25 

II 

11340-38291 

4 

3776.  60 

I 

1143-27614 

3709.  42 

I 

5298-32249 

5 

3777.  28 

2805-29272 

7 

3710.  45 

10923-37866 

6 

3777.  67 

J 

15282-41746 

34 

3711. 34 

I 

0-26937 

90 

3781. 01 

I 

392-26832 

5 

3711.  78 

I 

5965-32899 

11 

3781.  38 

II 

13666-40104 

340 

3713.  01 

I 

1050-27975 

14 

3183.  84 

10923-37344 

20 

3713.  82 

695-27614 

14 

3786.  22 

J 

2805-29209 

9 

3716.  21 

{ 

695-27597 

180 

3787.  06 

154-26552 

50 

3716.  99 

I 

11248-38144 

7 

3787.  48 

I 

2154-28549 

3717.  06 

II 

13666-40561 

7 

3789.  50 

2154-28535 

14 

3717.  54 

I 

10923-37815 

140 

3790.  15 

1050-27427 

9 

3720.  46 

II 

13690-40561 

360 

3791. 21 

1050  —  27420 

7 

3721. 52 

12982-39846 

9 

3794.  47 

\ 

12102-38449 

10 

3722.  32 

I 

13146-40003 

14 

3795. 54 

I 

10 

3722.  95 

I 

11 

3796.  44 

15282  —  41615 

7 

3725.  22 

I 

9498-36334 

11 

3796.  59 

1587-27919 

280 

3726.  24 

154-26983 

11 

3796.  85 

J 

13515—39846 

14 

3727.  23 

{ 

11044-37866 

280 

3798.12 

392-26713 

10 

3732.  03 

I 

11044-37832 

18 

3800.  94 

I 

9329-35631 

7 

3733. 32 

I 

18332-45110 

28 

3801. 30 

11044  —  37344 

7 

3733. 62 

I 

1143-27919 

280 

3802. 92 

695  —  26983 

28 

3738.  42 

10238-36979 

70 

3803.  88 

1050  —  27332 

280 

3739.  80 

695-27427 

55 

3804.  74 

11248-37524 

70 

3740.  73 

II 

iiUbD  ~  /oU 

T  T 
1  I 

1  790"?  —  A'?t;AP 
1  1      L.  t^DDo 

3740.  84 

695-27420 

18 

3806.  20 

10923-37188 

28 

3741.  78 

0-26718 

6 

3806.  63 

14211-40474 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

70 

3810.  49 

I 

11525-37761 

5 

3894.  03 

J 

11044-36717 

55 

3811. 03 

I 

154-26386 

4 

3894.  70 

I 

392-26061 

o  r" 

3.  5 

3813. 47 

18 

3895.  90 

9439  —  35100 

55 

3815. 51 

} 

695-26897 

11 

3898.  28 

II 

13690-39335 

7 

3816.34 

I 

1587-27783 

11 

3898.56 

2154-27797 

22 

3818.  86 

II 

12806-38984 

7 

3899.25 

J 

15282-40921 

22 

3819.15 

4998-31175 

12 

3904.  18 

I 

12018-37625 

3.  5 

3821. 19 

8705  —  34868 

9 

3906.  91 

8827-34416 

70 

3824.  88 

\ 

695-26832 

4 

3908.  59 

{ 

13405-38982 

11 

3827.  01 

I 

13515-39638 

22 

3908.97 

I 

1143-26718 

3.  5 

3828.  24 

II 

13666-39780 

7 

3909.  60 

I 

13012-38583 

3.5 

3830.  00 

8705-34808 

13 

3913. 01 

I 

11318-36867 

18 

3831.  84 

II 

13690-39780 

70 

3914. 70 

10923-36460 

3.5 

3833.  26 

12503-38583 

7 

3919.  00 

\ 

9329-34838 

36 

3835.  18 

J 

0-26067 

7 

3919.16 

I 

12358-37866 

26 

3836.  45 

J 

9439-35497 

3.5 

3919.72 

II 

13480-38984 

7 

3837.  08 

I 

14899-40953 

55 

3920.  20 

13012-38514 

18 

3841. 81 

13405  —  39427 

11 

3922. 35 

iono~7  oT/or" 

12137  —  37625 

14 

3842.  71 

9329-35345 

7 

3924.  49 

J 

12358-37832 

3.  5 

3843.  93 

I 

5965-31973 

18 

3925. 00 

I 

695-26166 

7 

3844.  08 

I 

11248-37254 

7 

3926.  61 

I 

2154-27614 

22 

3845.  90 

I 

392-26386 

13 

3929. 29 

I 

2154-27597 

11 

3853.  38 

10923—36867 

3.  5 

3931.  46 

n/ion  o/io/o 

9439  —  34868 

3.5 

3854.  70 

{ 

11044-36979 

3.5 

3934.14 

{ 

10923-36334 

7 

3855.15 

I 

11044-36976 

10 

3934.41 

I 

1143-26552 

7 

3855. 45 

I 

0-25930 

9 

3935.  45 

J 

12137-37540 

30 

3858.  95 

I 

154-26061 

6 

3936.  45 

I 

1587-26983 

3.  5 

3860.  86 

12358  —  38251 

70 

o  no  ~7     A  A 

3937.  44 

1050  —  26440 

14  d 

3862.  93 

\ 

0-25880 

10 

3937.  96 

J 

12137-37524 

3863.  05 

II 

12806-38685 

18 

3941. 27 

I 

695-26061 

36 

3863.  38 

I 

5298-31175 

54 

3943.  67 

I 

1587-26937 

7 

3865. 02 

II 

13119-38984 

10 

3947.53 

I 

12018-37344 

3865.  04 

13515  —  39381 

7  d 

o  n  yi  n   o  o 

3949.  33 

n/ion     1  A'yc'i 

9439  —  34753 

28 

3867.  92 

I 

1050-26897 

3949.  46 

II 

14791-40104 

7 

3871.19 

I 

9043-34868 

6 

3949.  94 

I 

1587-26897 

3.  5 

3875.  42 

J 

12018-37815 

7 

3952.  37 

II 

13690-38984 

18 

3875.  76 

J 

1143-26937 

10 

3953. 08 

11044-36334 

14 

3876.  96 

J 

12358-38144 

11 

3955.  68 

J 

2154-27427 

55 

3877.  56 

J 

1050-26832 

7 

3959.36 

I 

12982-38232 

90 

3878.  82 

J 

392-26166 

3.5 

3960.  98 

I 

13012-38251 

3878.  97 

J 

1587-27360 

3.5 

3964.  66 

I 

9439-34655 

7 

3879.  35 

II 

14791-40561 

26 

3965. 69 

I 

5965-31175 

70 

3883. 14 

695  —  26440 

95  d 

on//     r\  n 

3966.  09 

} 

12137-37344 

110 

3885.  44 

11525-37254 

3966.25 

2154-27360 

70 

3885.  68 

I 

11248-36976 

7 

3970.  65 

I 

2154-27332 

22 

3886.  07 

I 

154-25880 

22 

3971. 85 

I 

12018-37188 

4 

3889.  63 

3971.  93 

2805-27975 

3 

3889.  80 

\ 

2154-27855 

18 

3972.  52 

{ 

12358-37524 

60 

3891.  30 

695-26386 

11 

3973.  62 

16829-41987 

5 

3893.  73 

392-26067 

13 

3976.  67 

15282-40422 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 
and 

C^.Vl       V  Pi  C  f  T 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 

T   £i  tr 1  G 

i-n  K 
ill  xV 

11 

3977.  94 

\ 

13012-38144 

4 

4061. 26 

10238-34854 

11 

3978.  75 

1587-26713 

14 

4061. 54 

\ 

2805-27420 

—J 

7 

3979.  37 

I 

12692-37815 

9 

4064. 81 

I 

12692-37287 

4 

3980.  48 

1050-26166 

9 

4066.  12 

I 

11044-35631 

3.  5 

3982.  06 

I 

13146-38251 

18 

4067.  16 

I 

12137-36717 

3.  0 

3984.  81 

15467-40555 

22 

4068.  26 

I 

10923-35496 

6 

3985.  18 

I 

11248-36334 

3.  0 

4070.  04 

I 

11 

3988.  16 

I 

16829-41896 

14 

4070.  96 

I 

12982-37540 

3.  0 

3990.  67 

I 

12137-37188 

4 

4072. 07 

II 

13666-38216 

11 

3991. 68 

I 

9 

4073. 51 

I 

15439-39981 

4073.  64 

I 

12982-37524 

3.  0 

3994.  43 

11248-36276 

15 

3999.  18 

\ 

13146-38144 

6 

4076.  09 

2805-27332 

4 

4000.  60 

II 

14791-39780 

8 

4077. 09 

I 

15461-39981 

8 

4001. 13 

I 

12358-37344 

5 

4078.  35 

I 

392-24905 

3.0 

4002.  26 

I 

4 

4078.  60 

I 

13012-37524 

4 

d 

4005. 93 

1200 

4079.  73 

695-25200 

14 

4008.  28 

\ 

10238-35179 

4 

4083.  78 

\ 

1587-26067 

14 

4009.  71 

I 

12692-37625 

9 

4084.  18 

I 

5298-29776 

7 

4012.  06 

I 

1143-26061 

28 

4084.  86 

I 

1587-26061 

20 

4013. 27 

I 

16919-41829 

9 

4086.  63 

I 

9439-33902 

3.  0 

4014. 93 

12288-37188 

4 

4087. 05 

13405-37865 

4 

4016.  08 

\ 
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0  —  z:03o4 

40 

4675.  37 

2154-23537 

b 

4910.  95 

I 

13515-33872 

8 

4678.  48 

I 

8411-29779 

c..  0 

4928.  98 

I 

13146-33428 

2.  0 

yi  /  o  o  / 

4682. 66 

n/z.'70  lonOT 

16672  —  38021 

1.4 

An  Al  CO 

4941.  52 

12102  —  32333 

24 

A  /  oc    1  yi 

4685.  14 

11044  —  32382 

1.4 

/I  Q  C  "2     T  "2 

4953.  13 

0^*20  00^0*2 

9439  —  d.^bi.D 

5 

A  ^  Ci  A      C  T 

4694.  51 

16981  —  382  /7 

c 

/I  QZ.  C     "2 "7 

4965.  3  / 

1000*2  •210C7 

LxjyZj  — 31U5  / 

5 

4695. 47 

10923-32214 

D 

c 

4967.  78 

13012-33136 

7 

4697.  47 

I 

8705-29987 

o  n; 
c..  O 

4971. 93 

I 

0-20107 

10  c 

A  ~T  n  /      1  A 

4706.  14 

5 

yi  n  ~7  o  1/1 
4973. 14 

TOCOT  OO/LOC 

12503  —  32605 

20 

A~i r\  o  on 

4708.  29 

2.5 

/I  O  "7  C     1  A 

49  /5.  14 

10'2C0  '20/1CO 

2.  5 

yi  ~7  T  o    r\  c 

4713. 05 

8411  —29623 

Q 

7 

>i  n o o  o~7 
4988,  9  / 

Z.QC  007*2/1 

d95  —  l\)  /34 

11 

4713. 50 

{ 

2805-24015 

3.  U 

4994. 30 

5 

4715.  83 

I 

16672-37871 

3.  3 

4997.  88 

12137-32140 

5 

yi  "7 T  o  no 

4718. 02 

4 

c  nn  n  qc 
5000.  95 

13i4D  —  33i3D 

4 

yi  ~7 O O  OA 

4723.  80 

17937  —  39101 

^.  U 

r  A  n  O    1  c 

5002. 25 

loino  ooooo 
l^iU2  —  32l)oo 

4 

yi  ~7  O  "7     o  o 

4727. 33 

11525  —  32672 

2.0 

5013. 27 

TOQoo  oono/i 
12982  —  32924 

5 

4730.  31 

I 

11248-32382 

11 

5017.  75 

I 

392-20316 

0 

/I  "7*5  1     ^  O 

4733.  48 

392  —  2151^ 

2.  0 

c  m  Q    c  1 

ii:9o^  —  3<io97 

8  c 

4733. 89 

9043-30162 

7 

5026.  36 

12018-31908 

4 

4735.  33 

11044-32156 

2.0 

5030. 13 

13515-33390 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Char  acte  i 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

10 

5039.  04 

\ 

154  — 19994 

2.  5 

r"       /I  A  r\ 

5340.  80 

11044-29763 

2.  0 

5047.  96 

14899-34704 

1.  2 

5343.  58 

\ 

8 

5058.  01 

I 

0-19765 

22 

5344.  17 

I 

2805-21512 

3.  0 

5059. 35 

12692-32452 

16 

5350.  74 

I 

2154-20838 

6 

5065.  25 

/AC"  AA^OA 

695  —  20432 

A  A 

2.  0 

5353. 28 

20734-39409 

2.  0 

f"  r\  T  "7     /I  r\ 

5077. 40 

\ 

TAAtA  OTTAA 

12018  —  31708 

T  A 

1.  2 

5355.  31 

12358-31026 

36 

5078.  96 

1050-20734 

2.  0 

5355.  70 

\ 

11525-30191 

2.  0 

c 

5094.  41 

I 

0-19624 

1.4 

5359.  19 

I 

8705-27360 

20 

5095.  30 

695-20316 

0.  8 

5362.  01 

I 

392-19037 

8 

5100. 16 

OAA  TAAAyi 

392  —  19994 

n  A 

1.  8 

5375.  27 

11248-29846 

o 
o 

5120.  30 

OAA  TAATT 

392  —  19917 

A  A 

2.  0 

r"  A  A  T  A 

5381. 34 

5965-24543 

/I 

5121.  80 

} 

12982-32501 

0.  8 

5388. 30 

{ 

9043-27597 

4 

5127.  66 

I 

10126-29623 

1.  0 

5395.  86 

I 

4998-23526 

2.  0 

5133.  34 

/"AAA  A/l~7~70 

5298-24773 

1.  4 

P  A  A  /  OA 

5396. 33 

I 

8411-26937 

10 

5134.  75 

154  —  19624 

1.  4 

n  /I  T  n      A  /I 

5411.  24 

TTAil/l  AAr"TA 

11044-29519 

3.  5 

5140.  58 

12692  —  32140 

T  A 

1.  0 

r"  il  T  /  OA 

5416. 30 

11318-29776 

3.  5 

5147.  54 

15282-34704 

3.0 

5422.  44 

\ 

10923-29360 

n  o 

1.  8 

5150.  64 

I 

11248-30658 

1.  0 

5431.  26 

I 

1587-19994 

3.  5 

5152.  63 

9043  -28445 

5 

5437. 27 

fAAA  AOXA/I 

5298-23684 

12 

5160.  33 

OAA  TA~7/r 

392  —  19765 

n  A 

0.  9 

r  A  n  a  on 

5448.  31 

T  AAAO         A  A  A  "7  A 

10923  —  29272 

11 

5164.  38 

2154-21512 

0.  9 

5456.  19 

AAOn/  OA/OA 

20316-38638 

11 

5180.  31 

695-19994 

1.  8 

5458.  04 

J 

9043-27360 

5 

5186.  98 

I 

154-19428 

0.9 

h 

5468.  10 

I 

19994-38277 

9 

r"  T    A  0       A  A 

5189.  20 

TAr*A  AAOT/ 

1050  -20316 

n  A 

1.  8 

r~  ^  A  n      A  A 

5481. 00 

TAAO/  0/A~7/ 

18036  —  36276 

8 

r"  T  A  0      A  A 

5193. 08 

nr~AT  AAAOA 

1587  —  20838 

A  / 

0.  6 

r"  >1  A  0      A  A 

5483.  09 

7 

5195. 84 

nn/io  AAoAfl 

1143-20384 

A  A 

0.  9 

r  /I  A  0       ^  A 

5483.  49 

ATAr  A/AOT 

8705—26937 

3.  0 

5203. 22 

J 

8705-27919 

0.  6 

5491.  06 

J 

20432-38638 

1.  6 

5205.  13 

I 

9329-28535 

0.  8 

5499. 53 

I 

1587-19765 

4 

c 

5219.  10 

A/IAA  AA/J~0 

9498-28653 

A  A 

2.  0 

5504.  58 

Anr"^  AAon/ 

2154-20316 

3 

5225.  16 

11525-30658 

A  A 

0.  8 

5509.  12 

13405-31551 

-7 

7 

5232.  81 

9329-28434 

1.  6 

c 

5512.  82 

J 

4 

c 

5237.  43 

J 

8411-27499 

0.  8 

5517. 39 

1.  4 

5240.  39 

I 

8705-27783 

2.5 

5523.  57 

I 

9498-27597 

7 

d 

5251. 62 

A          T  A  A  0  ~7 

0-19037 

1  A 

1.  2 

5541. 47 

TAAOA  AAA~7A 

10238-28278 

5251.  81 

392-19428 

4 

5551. 35 

yiAAA  AOAA"7 

4998-23007 

3.  5 

5253.  03 

TTA/IA  oaata 

11248-30279 

1.  4 

r~  r~  /  0     A  A 

5563.  00 

taaoa  aaaaa 

10238-28208 

4 

5253.  93 

\ 

8827-27855 

0.  8 

c 

5571.  44 

18332-36276 

2.  5 

5269.  92 

I 

8827-27797 

1.  6 

c 

5576.  16 

I 

2805-20734 

13 

5271.  53 

Tnyio  AAnA"7 

1143-20107 

1.  6 

r*  (~  "7  A  AO 

5578.  29 

12358  —  30279 

1.  2 

bill.  48 

8705-27666 

A  r" 

2.  5 

f"  r*  A  /  AT 

5586.  97 

1143  —  19037 

6 

c 

5276.  20 

A/IAA  AA/l/ir~ 

9498-28445 

A  A 

0.  8 

c 

r"  r"  A  A  An 

5590. 95 

\ 

1.  4 

c 

5279.  43 

{ 

9498-28434 

0.  6 

5594.  89 

17476-35345 

2.  5 

5285.  26 

I 

0.  8 

c 

5599.  59 

I 

9043-26897 

1.6 

5296.  34 

14211-33087 

A  A 

2.  0 

r~  /  A  0  HA 

5603.  52 

1587  — 19428 

2.  5 

5315.  55 

5965-24773 

A  / 

0.  6 

r~  /  A  0  AO 

5603. 93 

2154  — 19994 

0.  8 

5317.  01 

TTA/I/I  AAA/l/ 

11044-29846 

T  A 

1.  2 

l~  /  A  A      A  / 

5628.  26 

2154  —  19917 

12 

5318.  60 

1587-20384 

3.0 

5629.  17 

12358-30117 

2.  5 

5319. 49 

8705-27499 

1.  6 

c 

5635. 42 

3.5 

5334.  87 

9043-27783 

8 

5642. 11 

5965-23684 

1.  2 

5336.  81 

695-19428 

1.6 

5645.  30 

5298-23007 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
iciigLn 
in  A 

Spec- 
trum 

Energy 

in  K 
111  i\. 

Intensity 

and 
Characte  r 

Wave- 

±c  ng  LIl 

in  £\ 

Spec- 
trum 

Energy 
in  is. 

0.  8 

5654.  14 

10238-27919 

2.  5 

6031. 84 

15439-32013 

6 

5664  71 

_^      U  T«    f  i 

J 

1143  —  18791 

2.  5 

6045  50 

12982-29519 

8 

5665.  63 

I 

13012-30658 

1.  2 

6048.  72 

I 

17476-34004 

0.  8 

5666.  86 

I 

15282-32924 

1.  4 

6056.  65 

I 

15467-31973 

3* 

cw 

5671.  02 

I 

11345-28973 

1.4 

6107.  71 

I 

15439-31808 

4 

5671. 91 

12137-29763 

2.  0 

6142. 51 

14899-31175 

1.  2 

5677  47 

J 

5965-23574 

2.  5 

6148.  13 

\ 

13515-29776 

1.2 

5693.  09 

I 

5965-23526 

2.  5 

6164.  32 

I 

1  6 

d 

5697.  90 

I 

13629-31175 

1.  4 

6213.  06 

I 

15461-31551 

5698.  03 

I 

10238-27783 

3.  5 

6221. 96 

I 

8705-24773 

2.  0 

5706.  16 

15282-32802 

2.  0 

c 

6251.  76 

\ 

18332-34323 

4 

5706  48 

\ 

8411-25930 

1.  0 

6260  77 

18036-34004 

1.  4 

5709. 33 

I 

13515-31026 

4 

c 

6430.  46 

I 

5965-21512 

0.  8 

5715. 59 

I 

12288-29779 

2.  5 

c 

6433. 22 

I 

5298-20838 

3.0 

5716.  35 

I 

12358-29846 

0.  8 

6497. 84 

4998-20384 

1.  2 

5725.  66 

18036-35496 

3.  0 

6544.  61 

\ 

9498-24773 

6 

5729  19 

J 

1587-19037 

0.  7 

6574.  73 

8705-23911 

1.  0 

I 

0.  9 

cw 

659l! 00 

I 

0.  6 

5738.  20 

I 

0.  9 

6606.  16 

I 

4 

5751. 44 

I 

12137-29519 

0.  9 

6607.  28 

I 

13405-28535 

5 

5760.  34 

8705-26061 

1.  6 

6614.  15 

8411-23526 

3.  0 

5764  99 

\ 

12018-29360 

0.  9 

6626  98 

J 

5298-20384 

1.  4 

5771.  08 

I 

15282-32605 

10 

cw 

6660. 84 

I 

9498-24507 

2.  5 

5776.  07 

I 

11345-28653 

7 

cw 

6677. 33 

I 

9043-24015 

0.  8 

5780. 34 

I 

12692-29987 

3.  0 

6701.  20 

13515-28434 

4 

5787.  54 

2154-19428 

6 

c 

6723.  62 

8705-23574 

0.  8 

5789  79 

13012-30279 

3.  5 

6739  88 

\ 

8411-23244 

2.5 

519^.  24 

I 

12018-29272 

1.  2 

6795.  31 

I 

2  5 

5804. 03 

I 

8705-25930 

4 

6828o  11 

I 

9043-23684 

1.4 

h 

5815.  33 

I 

12018-29209 

1.2 

c 

6849. 35 

I 

8411-23007 

5 

5819.  43 

13012-30191 

0.  9 

6870. 92 

\ 

1.  6 

5820  62 

16829-34004 

1.  8 

6876  36 

8705-23244 

3.5 

5834.  90 

I 

13146-30279 

1.  2 

c 

6902.  89 

I 

9043-23526 

1  2 

5838.  15 

I 

11318-28442 

1.  6 

6908.  07 

I 

9439-23911 

6 

d 

5838.  64 

I 

9043-26166 

2.  0 

6918.  32 

I 

13405-27855 

2.  5 

5842.  47 

2805-19917 

0.  8 

6946.  07 

13405-27797 

0.  8 

5846  09 

J 

11345-28445 

0.  8 

6972. 49 

\ 

14211  -28549 

3.  0 

5866.  47 

I 

5965-23007 

1.  2 

6986*.  09 

I 

14899-29209 

1  6 

5874.  70 

I 

9043-26061 

4 

6990.  32 

I 

8705-23007 

0.  8 

5877.  79 

I 

4998-22007 

0.  8 

c 

6996. 11 

I 

13629-27919 

2.  0 

5893. 44 

14211-31175 

1.  0 

7023.  48 

\ 

14211-28445 

9 

cw 

5900  62 

J 

9498-26440 

0.  8 

7038  04 

12692-26897 

2.  0 

c 

5903.  80 

I 

11345-28278 

9 

c 

7046.  81 

I 

9498-23684 

1.4 

5927.  41 

I 

15467-32333 

0.4 

7066.  41 

I 

12018-26166 

2.  0 

c 

5934. 16 

I 

17476-34323 

0.  4 

7075.  23 

I 

5298-19428 

2.0 

5957. 70 

12982-29763 

1.  8 

c 

7098.  94 

{ 

12358-26440 

7 

5983. 22 

{ 

5298-22007 

0.  8 

cw 

7102.  01 

9498-23574 

3.  0 

5986.  08 

13146-29846 

0.9 

7119. 31 

12018-26061 

4 

cw 

5997.  93 

9498-26166 

0.7 

7122. 95 

2.5 

6029. 75 

12692-29272 

1.6 

7126.  17 

12137-26166 
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Niobium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
T  je  veT  s 
in  K 

Intensity 

and 
Character 

Wave- 

J. Cli y  Li i, 
in  A 

Spec- 
trum 

Energy 

XjC  V  ci  o 
11-1  XC 

in  IS. 

0.  8 

7130.  06 

12692-26713 

1.  2 

7757. 31 

25680-38568 

6 

7159. 43 

9043-23007 

0.  3 

7787.  11 

J 

0.  8 

7191. 37 

I 

0.  6 

cw 

7873.  41 

I 

14899-27597 

0.  9 

c 

7208.  94 

I 

14211-28079 

1.  6 

7885.  31 

I 

11525-24203 

2.  5 

7252.  35 

I 

10126-23911 

1.2 

7938.  89 

I 

11318-23911 

0.  7 

7274.  81 

J 

15467-29209 

0.  4 

7954. 76 

9439-22007 

0.  6 

7317.  03 

24905-38568 

1.  8 

8135.  20 

J 

11248  —  23537 

0.  8 

c 

7323. 92 

I 

14899-28549 

0.  6 

cw 

8240.  00 

I 

8705-20838 

1.  4 

cw 

7328.  38 

I 

12288-25930 

1.  4 

cw 

8320.  93 

I 

9498-21512 

3.  0 

c 

7353.  16 

I 

8411-22007 

1.4 

8346.  08 

I 

11044-23023 

9 

cw 

7372.  50 

J 

11345-24905 

0.  5 

8350.  04 

8411-20384 

0.  6 

7419.  83 

12692-26166 

0.  8 

8439. 77 

J 

12358  —  24203 

0.  7 

7436.  02 

I 

0.  8 

cw 

8475.  98 

I 

9043-20838 

0.  9 

7478.  20 

I 

12692-26061 

1.  2 

8526. 99 

I 

10923-22647 

3.0 

7515.  93 

I 

8705-22007 

0.  6 

c 

8547.  25 

I 

8411-20107 

1.4 

c 

7519.  77 

13146-26440 

0.  8 

c 

8560.  54 

8705-20384 

8 

c 

7574.  58 

11345-24543 

0.  8 

8575.  87 

J 

12358-24015 

0.  8 

c 

7583.  21 

I 

12982-26166 

1.0 

c 

8697.  55 

I 

13012-24507 

0.  6 

7639. 81 

1.0 

8740. 96 

12137-23574 

0.  6 

7647.  71 

24770-37842 

1.0 

8767.  97 

8705-20107 

1.2 

7703. 33 

25200-38178 

1.4 

cw 

8815.  56 

9498-20838 

3.5 

c 

7726.  68 

11345-24283 

1.6 

8905.  78 

12018-23244 
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OSMIUM 

Os 

Os,  Z=76,  M=  190.2,  Ratio  ^=2.993 

Os  I   Normal  state  of  valence  electrons  5d%s^        =0.    I.P.  =  70450  K 
Os  II  Normal  state  of  valence  electrons  5c^*6s^  ^041^=0. 
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Relative  intensity  of  osmium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  osmium 


Strong  lines  of  osmium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

900 

2909.  06 

I 

0-34365 

5d66s2  0 

-5d«6si6pi 

6Fg 

900 

3058.  66 

I 

0-32685 

5d«6s2  a  'D4- 

-5d«6si6pi 

'Fl 

800 

3301.  56 

I 

0-30280 

5d«6s2  a  'D4- 

-5d«6s»6pi 

480 

2838.  63 

I 

5144-40362 

5d76si  0 

-5d66s»6pi 

3F| 

460 

3018.  04 

I 

0-33124 

5d66s2  a 

-5d66si6p' 

'PI 

440 

4260.  85 

I 

0-23463 

5d^&s^  a  6D4- 

-5(i'6s'6p>  z 

440 

4420.  47 

I 

0-22616 

5(i«6s2  a  6D4- 

-5d«6si6pi  z 

380 

2488.  55 

I 

5144-45316 

5d'6si  a  ^Fs- 

-5d7  6p> 

360 

2637.  13 

I 

0-37909 

5d«6s2  a  6D1- 

-5d66si6p» 

360 

3752.  52 

I 

2740-29382 

5d«6s2  a  6D2- 

-5d:66s'6p» 

320 

3156.  25 

I 

5144-36818 

5d'6si  a 

-5rf66si6pi 

6F| 

320 

3262.  29 

I 

4159-34804 

5d«6s2  a  ^Ds- 

-5d«6s'6p» 

^F| 

320 

3167.  94 

I 

0-30591 

5d^Qs^  a  6D4- 

-5rf*6s'6p' 

300 

3040.  90 

I 

2740-35616 

5d66s2  a 

-5rf«6si6pi 

280 

2714.  64 

I 

0-36826 

5d«6s2  a  6D4- 

-5d«65i6p> 

260 

2806.  91 

I 

0-35616 

5d66s2  a  5D4- 

-5d«6si6pi 

220 

2498.  41 

I 

8743-48756 

5d^6si  a  SF4- 

487563 

220 

2844.  40 

I 

5144-40290 

5d'6s'  a  ^Fs- 

-5d86si6p' 

220 

4135.  78 

I 

4159-28332 

5rf«6s2  a  ^Dj- 

-5d'6s26pi 

200 

2513.  25 

I 

5144-44921 

5d'6si  a  ^Fs- 

-5d7  6pi 

200 

2689.  82 

I 

5144-42310 

5d'6si  a  'F;- 

-5d66s>6pi 

'Gl 

200 

2912.  33 

I 

4159-38486 

5d«6s2  a 

-5#6s^6p' 

200 

2919.  79 

I 

2740-36980 

5d66s2  a  'Da- 

-5(f66s'6p» 

200 

3232.  06 

I 

4159-35090 

5d66s2  a  6D3- 

-5d66s'6p' 

200 

3782.  20 

I 

415^30591 

5d66s2  a  'D3- 

-5d66s'6p» 

'P| 

180 

2644.  11 

I 

0-37809 

5d«6s2  a  6D4- 

-5(i86s'6p> 

6F| 

180 

2658.  60 

I 

5144-42747 

5rf'6si  a  6F5- 

-5d7  6pi 
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Osmium 


—  All  Observed  Lines 


Intensity 
and 
C^harartPT 

TIT"     ,  .  „ 

wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
(^.liararfp  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

2001. 45 

I 

0-49947 

11 

2283.  67 

I 

4159-47935 

7 

2003.  73 

4159-54050 

8 

2289. 32 

4159-47828 

5 

2004  78 

A 

2297  31 

J 

0  —4351  6 

10 

2010.  15 

11 

2308.  31 

I 

19 

2018.  14 

I 

0-49534 

3.  5 

2313.  75 

II 

5592-48799 

19 

2020. 26 

11 

2320.  18 

I 

"  10 

2022. 76 

\ 

2740-52162 

6 

2323. 98 

10 

2028.  23 

4159-53447 

13 

X  -/ 

2324  24 

J 

0  —  4301 1 

14 

2034.'  44 

I 

0-49138 

3.  5 

2325.  51 

I 

5144-48132 

24 

2045.  36 

7 

2326.  99 

I 

6093-49054 

7 

2048.  28 

I 

2740-51546 

7 

2334.  56 

I 

2740-45562 

7 

2049.  42 

4159-52938 

17 

2336.  80 

II 

3593-46374 

Q 

c  yj  -J  vj  M  \j  / 

X  X 

2338  63 

0  —42747 

2058.  78 

I 

4159-52716 

7 

2340.  69 

I 

5144-47854 

14 

2061. 69 

I 

2740-51229 

11 

2343.  74 

I 

4159-46813 

9 

2067.  21 

II 

3593-51952 

7 

2345.  75 

I 

4159-46776 

5 

2070.  67 

II 

3929-52206 

11 

2347.  38 

8743-51329 

g 

2076  95 

0  -481  32 

A 

2350  23 

TT 

A.  J. 

9 

2078.  09 

1.  6 

2351. 55 

10166-52678 

18 

2079.  97 

I 

0-48062 

1.  6 

2351. 72 

I 

11378-53887 

4 

2082.  54 

I 

4159-52162 

10 

2352. 99 

I 

8743-51229 

4 

2089.  03 

0-47854 

3.  5 

2355.  28 

II 

3929-46374 

4 

2089  21 

J 

2740-50589 

7 

2356.  92 

9 

2097.  60 

I 

5144-52802 

7 

2357!  25 

I 

8743-51152 

9 

2100. 63 

I 

2740-50330 

10 

2362.  41 

I 

0-42317 

4 

2117.  66 

I 

2740-49947 

28 

2362. 77 

I 

0-42310 

9 

2117. 96 

0-47200 

6 

2363.  33 

8743-51043 

JL  ^ 

2119  79 

16 

X  "J 

2367  35 

3929-46157 

4 

2123.  84 

I 

4159-51229 

10 

2369.  24 

8743-50937 

13 

2137.  11 

I 

4159-50937 

17 

2370.  70 

I 

4159-46328 

7 

2149. 97 

17 

2371. 18 

I 

8743-50903 

8 

2154.  59 

\ 

2740-49138 

3.  0 

2374.  33 

4159-46264 

4 

21 57  84 

0  -46328 

3  5 

2374  51 

J 

11031-53131 

4 

2158.  53 

I 

2740-49054 

3.  5 

2375.  06 

II 

8 

2161.  00 

100 

2377.  03 

I 

5144-47200 

11 

2166.  90 

I 

4159-50294 

10 

2377.  61 

I 

11378-53424 

4 

2167.  75 

3.  5 

2378.  14 

J 

5766-47802 

p 

(J 

2171  65 

2740  -48773 

3  5 

2378.  74 

12774-54800 

4 

2184. 68 

I 

0-45759 

34 

2379'.  39 

I 

5144-47158 

4 

2194.  39 

II 

3593-49149 

7 

2379. 64 

I 

4159-46170 

4 

2202.  49 

I 

0-45389 

7 

2379. 84 

4 

2227.  98 

I 

0-44870 

3.  5 

2380.  82 

I 

2740-44730 

8 

2234.  61 

I 

2740-47477 

7 

2382. 46 

I 

11378-53338 

12 

2252.  15 

I 

8743-53131 

10 

2384.  62 

I 

2740-44663 

19 

2255.  85 

I 

2740-47052 

70 

2387. 29 

I 

0-41876 

II 

0-44315 

15 

2394.  29 

I 

11378-53131 

15 

2264.  60 

4159-48303 

13 

2395.  39 

\ 

2740-44475 

4 

2268.  28 

\ 

2740-46813 

48 

2395. 88 

0-41726 

11 

2270.  17 

2740-46776 

10 

2396.  78 

12774-54484 

18 

2282.  26 

II 

0-43802 

3.  0 

2397.  61 

11378-53073 
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Osmium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum. 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

5 

2398.  18 

J 

11031-52716 

6 

2458.  76 

48 

2401.  13 

I 

8743-50377 

9 

2459.  84 

I 

5766-46407 

13 

2402.  23 

4159-45775 

150 

2461.  42 

5144-45759 

10 

2403. 54 

\ 

10166-51759 

9 

2464.  00 

16 

2403. 85 

J 

8743-50330 

15 

2464.  50 

J 

12774-53338 

5 

2405.  08 

II 

6 

2465.  16 

14 

2405.  45 

11378-52938 

9 

2468.  09 

I 

10166-50671 

10 

2405. 96 

8743-50294 

9 

2468.  90 

II 

11460-51952 

19 

2408.  67 

\ 

11031-52535 

5 

2470.  82 

13 

2410.  98 

J 

13020-54484 

24 

2472.  28 

J 

5766-46202 

5 

2411.  90 

24 

2474.  78 

J 

8743-49138 

5 

2414. 10 

I 

8743-50154 

9 

2475.  69 

I 

11378-51759 

16 

2414.  52 

2740-44144 

75 

2476.  84 

\ 

0-40362 

10 

2415.  32 

2.  5 

2480.  71 

11031-51329 

32 

2417. 99 

J 

4159-45503 

15 

2481. 79 

5 

2418.  35 

J 

11378-52716 

30 

2482. 43 

J 

2740-43011 

32 

2418.  53 

I 

2740-44075 

3.  0 

2484.  04 

I 

5144-45389 

3.  0 

2419.  63 

5 

2485.  32 

6 

2420.  02 

II 

13137-54445 

44 

2486.  24 

II 

3593-43802 

3.  0 

2421.  15 

12774-54064 

380 

2488.  55 

5144-45316 

5 

2421.  86 

6 

2489. 04 

J 

10166-50330 

5 

2421.  94 

24 

2491. 02 

I 

8743-48875 

13 

2423.  07 

II 

7892-49149 

24 

2491. 69 

11031-51152 

5 

2424.  02 

II 

13204-54445 

30 

2492. 42 

\ 

6093-46202 

3.  0 

2424.  19 

15 

2493.  62 

32 

2424.  56 

J 

0-41232 

5 

2493. 83 

J 

0-40087 

95 

2424. 97 

I 

0-41225 

6 

2496.  45 

4 

2426.  19 

8743-49947 

5 

2496.  61 

16 

2426. 81 

\ 

220 

2498.  41 

8743-48756 

5 

2427.  90 

II 

13204-54379 

28 

2499.  92 

J 

14339-54328 

3.  0 

2429.  67 

J 

10166-51311 

8 

2500.  72 

26 

2431.  19 

5144-46264 

8 

2500. 91 

I 

14091-54064 

26 

2431. 61 

11378-52491 

5 

2501.  84 

14091-54050 

10 

2435. 51 

{ 

5766-46813 

28 

2502.  29 

11378-51329 

10 

2435. 65 

J 

13020-54064 

3.  0 

2503.  16 

2.  0 

2436.  51 

J 

13020-54050 

8 

2503.  67 

5 

2437.  73 

42 

2504.  39 

I 

2740-42658 

3.  0 

2440. 68 

11378-52338 

22 

2504.  51 

4159-44075 

6 

2442,  00 

\ 

13365-54302 

7 

2506.  38 

6 

2445.  88 

J 

12774-53647 

7 

2506.  66 

28 

2446.  02 

J 

2740-43611 

3.  0 

2507.  18 

II 

3929-43802 

3.  0 

2449. 88 

14 

2508.  61 

11378-51229 

75 

2450.  74 

\ 

8743-49534 

6 

2509.  71 

II 

17569-57403 

6 

2451.  19 

11378-52162 

14 

2509.  94 

12774-52604 

44 

2451. 73 

J 

2740-43516 

55 

2512.  87 

J 

8743-48526 

5 

2453.  29 

J 

5766-46515 

200 

2513.  25 

J 

5144-44921 

44 

2453. 90 

8743-49483 

55 

2515. 04 

J 

5144-44893 

9 

2454.  91 

II 

3593-44315 

3.  0 

2517.  61 

13365-53073 

44 

2456.  46 

2740-43437 

42 

2517.  92 

4159-43863 

6 

2457.  16 

13365-54050 

55 

2518.  44 

5144-44839 

609065  O  -62  -  16 
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Osmium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
t  r\iXTi 

Energy 
Levels 
in  K 

17 

2519.  29 

J 

2740-42422 

12 

2587.  49 

13020-51656 

28 

2519.  79 

I 

4 

2588.  26 

I 

14091-52716 

6 

2524.  79 

4159-43755 

8 

2588.  44 

14 

2526.  01 

\ 

2740-42317 

8 

2589.  39 

10166-48774 

6 

2526.  83 

J 

12774-52338 

5 

2589.  51 

14848-53454 

11 

2527.  09 

J 

8743-48303 

95 

2590. 76 

4159-42747 

17 

2532.  44 

I 

14852-54328 

19 

2591. 98 

I 

11378-49947 

10 

2534.  17 

10166-49615 

3.  0 

2593.  90 

16212-54753 

65 

2538.  00 

II 

0-39390 

14 

2594. 14 

\ 

12774-51311 

20 

2538.  10 

12774-52162 

16 

2596.  00 

II 

24466-62974 

11 

2539. 73 

J 

14091-53454 

2.  5 

2596.  37 

11031  -49534 

14 

2540.  14 

I 

4159-43516 

14 

2596.  69 

I 

4159-42658 

15 

2540.  74 

11031-50377 

14 

2597.  20 

2740-41232 

6 

2541.  65 

\ 

14091-53424 

2597.  29 

\ 

14848-53338 

85 

2542. 51 

J 

8743-48062 

12 

2597.  58 

0-38486 

11 

2543.  80 

J 

\ 

11031-50330 

10 

2599.  13 

14339-52802 

13 

2546.  17 

I 

11031-50294 

14 

2599. 91 

I 

11031-49482 

12 

2547.  70 

13365-52604 

10 

2600. 45 

12774-51218 

13 

2548.  10 

\ 

14339-53572 

6 

2600.  75 

{ 

2.  5 

2548.  83 

II 

17569-56791 

9 

2602. 33 

8743-47158 

26 

2554.  46 

J 

2740-41876 

6 

2603.  22 

13 

2555.  11 

I 

11378-50503 

6 

2603.  80 

I 

13365-51759 

10 

2555.  27 

11031-50154 

18 

2604. 60 

6093-44475 

13 

2555.  80 

\ 

14339-53454 

4 

2604. 96 

\ 

14339-52716 

9 

2556.  08 

J 

8743-47854 

20 

2609.  20 

8743-47057 

8 

2557.  77 

J 

8743-47828 

36 

2609.  56 

5766-44075 

10 

2558.  09 

I 

15223-54302 

38 

2610.  78 

I 

13365-51656 

4 

2560.  19 

10 

2611.  33 

14848-53131 

4 

2560.  47 

44 

2612.  63 

\ 

0-38264 

13 

2562. 66 

J 

13365-52375 

170 

2613.  06 

5144-43402 

16 

2563. 16 

II 

13204-52206 

5 

2614.  06 

10166-48409 

10 

2564.  37 

12774-51759 

2.  5 

2614. 50 

I 

11378-49615 

11 

2565. 17 

10166-49138 

6 

2615.  96 

\ 

12774-50990 

5 

2565.  72 

J 

5766-44730 

5 

2617. 18 

13020-51218 

50 

2566.  49 

T 

11378-50330 

5 

2619. 28 

24 

2566.  88 

J 

10166-49112 

75 

2619.  94 

4159-42317 

40 

2568.  83 

I 

11031-49947 

22 

2620.  62 

I 

2740-40888 

7 

2571.  14 

12774-51656 

50 

2621.  82 

\ 

0-38130 

32 

2571. 78 

\ 

8743-47615 

6 

2623.  61 

11378-49482 

7 

2572.  48 

6 

2624. 57 

16212-54302 

7 

2573. 09 

J 

4159-43011 

36 

2628.  48 

8743-46776 

4 

2573.  48 

I 

14091-52938 

2.5 

2631. 22 

II 

24981-62974 

2.5 

2574. 74 

15223-54050 

10 

2632.  89 

{ 

13020-50990 

8 

2578.  16 

\ 

11378-50154 

6 

2634.  29 

14852-52802 

14 

2578.  32 

II 

15606-54379 

6 

2634.  44 

15391-53338 

12 

2580  03 

II 

13204-51952 

360 

2637.  13 

0-37909 

34 

2581.  05 

5144-43876 

6 

2637.  98 

\ 

12774-50671 

70 

2581  96 

5144-43863 

2  5 

2639.  98 

14848-52716 

10 

2582.  62 

5766-44475 

6 

2641. 17 

15223-53073 

12 

2586.  08 

16 

2641.60 

11031-48875 
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Osmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  rgy 
Levels 
in  K 

8 

2643. 63 

J 

12774-50590 

10 

2718.  91 

180 

2644.  11 

I 

0-37809 

120 

2720.  04 

I 

2740-39494 

32 

2646.  89 

10166-47935 

80 

2721.  86 

4159-40888 

36 

2647.  73 

j 

2740-40498 

6 

2722. 60 

36 

2649.  34 

J 

11378-49112 

14 

2727. 94 

J 

10166-46813 

2650.  68 

T 

15223-52938 

11 

2728.  27 

T 

2740-39383 

14 

2652. 98 

I 

15391-53073 

55 

2730. 61 

I 

5144-41754 

14 

2653.  78 

{ 

5766-43437 

4 

2731.  36 

II 

15606-52206 

6 

2655.  19 

13020-50671 

55 

2732. 80 

5144-41726 

5 

2655. 78 

J 

14848-52491 

8 

2736.  39 

J 

5766-42300 

46 

2656.  68 

J 

5 

2738.  33 

J 

13365-49873 

180 

2658.  60 

I 

5144-42747 

6 

2738.46 

I 

15391-51897 

60 

2659.  83 

\ 

8743-46328 

16 

2740.  32 

14848-51329 

9 

2660.  92 

13020-50590 

13 

2740.  61 

36 

2661. 18 

J 

4159-41726 

12 

2740.  75 

J 

11378-47854 

4 

2661. 93 

J 

12774-50330 

6 

2741. 38 

J 

11378-47845 

10 

2662. 55 

I 

15391-52938 

4 

2742. 69 

I 

11378-47828 

10 

2663.  22 

12774-50312 

14 

2747. 91 

14848-51229 

4 

2664.  29 

II 

25452-62974 

12 

2748.  86 

J 

15391-51759 

11 

2665. 99 

12 

2749.  18 

J 

12774-49138 

11 

2666.  21 

J 

11031-48526 

8 

2751. 15 

J 

12774-49112 

14 

2669.  53 

I 

10166-47615 

6 

2753.  72 

I 

14848-51152 

55 

2674.  57 

11378-48756 

10 

2755. 59 

12774-49054 

38 

2674. 88 

J 

10166-47540 

16 

2757.  81 

13365-49615 

5 

2679.  38 

J 

15391-52702 

13 

2758.  82 

J 

11378-47615 

7 

2679. 74 

J 

13365-50671 

14 

2761.  08 

J 

6093-42300 

10 

2682. 19 

I 

11031-48303 

65 

2761.  42 

I 

4159-40362 

7 

2684.  36 

16212-53454 

44 

2763. 27 

J 

8743-44921 

2684.  41 

14 

2763.  94 

11031-47200 

10 

2688.  08 

J 

14852-52043 

32 

2765.  04 

J 

15391-51546 

10 

2689.  35 

J 

12774-49947 

6 

2765.  45 

J 

8743-44893 

200 

2689.  82 

I 

5144-42310 

12 

2767.  12 

I 

11031-47158 

14 

2692.  70 

14091-51218 

15 

2769.  88 

13020-49112 

13 

2694. 52 

\ 

11031-48132 

10 

2770.  10 

14848-50937 

6 

2694. 75 

J 

12774-49873 

90 

2770.  71 

J 

5144-41225 

4 

2696.  61 

J 

4159-41232 

4 

2771.  04 

8 

2697. 24 

11 

2773.  07 

I 

14852-50903 

48 

2699.  59 

} 

2740-39772 

11 

2774. 02 

14339-50377 

10 

2700.  75 

8743-45759 

10 

2774.  38 

J 

13020-49054 

7 

2702.  83 

J 

13020-50007 

10 

2774. 90 

J 

11031-47057 

7 

2704. 45 

T 

13365-50330 

28 

2776.  91 

T 

2740-38741 

55 

2706.  70 

I 

2740-39675 

4 

2778.  57 

17 

2707.  42 

11378-48302 

70 

2782. 55 

4159-40087 

10 

2708.  18 

4 

2783  88 

II 

7892-43802 

18 

2709.  86 

J 

10166-47057 

4 

2785. 04 

280 

2714. 64 

T 

0-36826 

60 

2786.  31 

J 

5144-41023 

55 

2715.  36 

5766-42583 

12 

2786.  80 

2740-38614 

14 

2715.  64 

} 

14339-51152 

6 

2790.  90 

{ 

15223-51043 

6 

2716.  80 

11031-47828 

22 

2793.  99 

11378-47158 

10 

2718.  71 

15391-52162 

22 

2794.  19 

14852-50630 
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Osmium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

2.  0 

2796.  11 

I 

13020-48774 

9 

2874.  15 

J 

13020-47802 

50 

2796.  73 

I 

2740-38486 

4 

2874. 59 

I 

16212-50990 

3.  5 

2799.  53 

34 

2874.  96 

8743-43516 

9 

2801. 93 

J 

11378-47057 

18 

2877.  35 

\ 

11031-45775 

30 

2804.  07 

I 

15391-51043 

28 

2878.  40 

I 

5766-40498 

_  260 

2806.  91 

J 

0-35616 

3.  5 

2879.  39 

II 

11654-46374 

4 

2807.  48 

I 

10166-45775 

3.0 

2880.  20 

II 

17242-51952 

4 

2807.  80 

3.  0 

A  A  A  O       A  yi 

2883. 94 

14091-48756 

3.  0 

2808.  24 

J 

15391-50990 

8 

2884. 41 

J 

8743-43402 

44 

2808.  94 

J 

2740-38331 

2.0 

2886.  06 

J 

19411-54050 

2.  0 

2811. 56 

J 

4 

2886.  50 

I 

14848-49482 

40 

2813. 84 

I 

14848-50377 

4 

2890.  85 

I 

4159-38741 

70 

2814. 20 

2740-38264 

5 

A  A  A  T  AO 

2891. 83 

25013-59583 

4 

2814.  84 

\ 

4159-39675 

8 

2892.  35 

{ 

10166-44730 

4 

2815. 27 

J 

13365-48875 

9 

2895.  06 

J 

11031-45562 

28 

2815. 78 

J 

2740-38244 

24 

2896.  06 

I 

13020-47540 

4 

2817. 51 

I 

14848-50330 

6 

2901. 32 

I 

13020-47477 

13 

2820.  18 

15223-50671 

6 

A  A  A  O  AT 

2903.  07 

taaaa  r"oooA 

18902-53338 

9 

2820.  56 

{ 

14091-49534 

12 

2903.  21 

{ 

14091-48526 

18 

2821.  25 

J 

11378-46813 

18 

2905.  73 

J 

6093-40498 

12 

2824.  17 

J 

11378-46776 

10 

2905. 97 

4 

2824.  67 

3.  0 

2908.  03 

I 

16212-50590 

2.  0 

2829. 03 

TAT//  /ifcno 

10166  —  45503 

n  A  A 

900 

A  O  A  n     A  / 

2909.  06 

{ 

0  —  34365 

40 

2829.  27 

{ 

4159-39494 

10 

2909.  67 

11031-45389 

2.  0 

2831.  59 

J 

14848-50154 

3.  5 

2911. 34 

I 

19109-53447 

12 

2832. 24 

I 

11031-46328 

200 

2912. 33 

I 

4159-38486 

22 

2837.  42 

I 

11031-46264 

13 

2913.  84 

I 

10166-44475 

44 

2838.  17 

4159-39383 

7 

A  A  T    /I       ~7  T 

2914.  71 

TA/ITT  r"ATT/ 

18417-52716 

480 

2838.  63 

I 

5144-40362 

50 

2917. 26 

\ 

8743-43011 

10 

2840. 44 

I 

14339-49534 

12 

2917. 83 

I 

5144-39406 

70 

2841. 60 

I 

2740-37922 

200 

2919.  79 

I 

15223-49461 

220 

2844.  40 

I 

5144-40291 

5 

2921. 07 

I 

15391-49615 

8 

A  /I  /I  /A 

2844.  68 

14339  —  49482 

3.  5 

A  A  A  O      T  A 

2923.  18 

40 

2846.  39 

{ 

5766-40888 

10 

2924.  49 

J 

11378-45562 

14 

2846.  55 

J 

8743-43863 

4 

2925.  28 

J 

13365-47540 

40 

2848.  25 

J 

14848-49947 

28 

2925.  57 

I 

4159-38331 

9 

2849. 05 

I 

15223-50312 

34 

2929. 51 

I 

0-34126 

4 

2849.  30 

10166-45252 

T  A 

10 

A  A  O  A      T  A 

2930. 19 

140 

2850. 76 

{ 

2740-37809 

11 

2930.  57 

J 

22616-56729 

12 

2855. 34 

J 

8743-43755 

48 

2931.  28 

J 

4159-38264 

5 

2857.  54 

J 

18902-53887 

4 

2932.  45 

I 

15391-49482 

10 

2860. 06 

I 

16212-51166 

4 

2933.  98 

I 

18301-52375 

140 

2860. 96 

5144-40087 

A  /I 

24 

A  A  O  /I       /  A 

2934.  64 

\ 

2740  —  368U6 

3.  5 

2863.  37 

II 

11460-46374 

2.  5 

2936.  81 

14091-48132 

4 

2864. 26 

15391-50294 

12 

2936.  99 

I 

12774-46813 

8 

2865. 68 

J 

11378-46264 

4 

2938.  38 

I 

19109-53131 

4 

2867.  59 

10 

2942. 20 

{ 

10166-44144 

4 

2869.  39 

12774-47615 

19 

2942. 85 

4159-38130 

16 

2872.  40 

0-34804 

100  h 

2948.  23 

5766-39675 

16 

2873. 42 

11378-46170 

130 

2949. 53 

2740-36634 
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Osmium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

Li.  Li.  1 .1 1 

Energy- 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
tr\j.m 

Ene  rgy 
Levels 
m  K 

20  d 

2949.  81 

J 

11031-44921 

6 

3045.  32 

2949.  90 

I 

15223-49112 

10 

3049.  04 

I 

12774-45562 

12 

2952. 34 

11031-44893 

24 

3049.  46 

6093-38876 

8 

2955.  00 

J 

15223-49054 

22 

3050.  39 

22616-55389 

9 

2957.  08 

12 

3051. 17 

5144-37909 

5 

2958.  34 

J 

14339-48132 

10 

3054.  97 

J 

11031-43755 

28 

2961. 01 

I 

4159-37922 

16 

3055. 21 

I 

14091-46813 

50 

2962.  15 

4159-37909 

900 

3058.  66 

0-32685 

10 

2962.  33 

J 

15391-49138 

30 

3060.  30 

4159-36826 

42 

2964.  06 

J 

5766-39494 

60 

3062.  19 

J 

4159-36806 

5 

2964.  62 

J 

15391  -49112 

8 

3066.  12 

J 

15223-47828 

3.5 

2965.  10 

22 

3069.  94 

I 

5766-38331 

3.  0 

2968.  45 

14848-48526 

38 

3074.  08 

6093-38614 

3.  5 

2970.  69 

\ 

15223-48875 

30 

3074.  96 

22616-55127 

70 

2970.  97 

J 

4159-37809 

19 

3077. 06 

J 

8743-41232 

10 

2972. 25 

J  , 

25013-58648 

30 

3077.  44 

J 

11031-43516 

12 

2973.  06 

I 

18417-52043 

120 

3077.  72 

I 

8743-41225 

10 

2975.  34 

38 

3078.  11 

5766-38244 

42 

2977.  64 

8743-42317 

24 

3078.  38 

4159-36634 

10 

2978.  21 

J 

8743-42310 

16 

3083.  74 

J 

22616-55034 

9 

2978.  53 

J 

21303-54868 

6 

3084.  60 

J 

13365-45775 

8 

2979. 43 

I 

12774-46328 

6 

3086.  27 

I 

15223-47615 

7 

2982.  56 

24 

3090.  08 

14848-47200 

48 

2982. 90 

11378-44893 

15 

3090.  30 

2740-35090 

32 

2983.  49 

12 

3090.  49 

J 

14852-47200 

12 

2985. 61 

J 

15391-48875 

6 

3091. 25 

J 

17667-50007 

6 

2988.  26 

I 

14848-48303 

28 

3093.  59 

I 

18902-51218 

10 

2989. 13 

19893-53338 

32 

3101.  53 

13020-45253 

14 

2992.  11 

J 

13365-46776 

10 

3104.  98 

\ 

13365-45562 

10 

2993. 57 

J 

12774-46170 

38 

3105.  99 

J 

4159-36346 

24 

2997.  65 

J 

10166-43516 

6 

3107.  38 

J 

14091-46264 

16 

3003. 48 

I 

11378-44663 

32 

3108.  98 

I 

5766-37922 

10 

3007.  90 

18902-52138 

65 

3109.  38 

6093-38244 

34 

3013.  07 

2740-35920 

26 

3111. 09 

J 

10166-42300 

12 

3015.  65 

J 

13365-46515 

12 

3114.  81 

J 

12774-44870 

60 

3017.  25 

J 

8743-41876 

12 

3116.  48 

J 

14091-46170 

460 

3018.  04 

I 

0-33124 

10 

3118. 12 

I 

22616-54677 

50 

3019.  38 

5766-38876 

32 

3118.  33 

11378-43437 

10 

3020.  86 

13 

3129.  23 

\ 

17667-49615 

120 

3030.  70 

J 

5144-38130 

50 

3131. 12 

J 

14848-46776 

12 

3031. 01 

J 

8743-41726 

10 

3140.  31 

15223-47057 

8 

3031. 30 

I 

14848-47828 

10 

3152.  07 

I 

11031  -42747 

10 

3032.  81 

13365-46328 

26 

3152. 67 

J 

10166-41876 

300 

3040.  90 

J 

2740-35616 

30 

3153. 61 

12774-44475 

12 

3042. 74 

II 

11460-44315 

320 

3156.  25 

J 

5144-36818 

22 

3043. 50 

J 

5766-38614 

26 

3156.  78 

J 

23463-55132 

12 

3043. 64 

10166-43011 

14 

3157.  24 

23463-55127 

6 

3044.  07 

16212-49054 

13 

3161.  44 

19049-50671 

6 

3044.  41 

13365-46202 

12 

3161.73 

8743-40362 

16 

3044.  91 

11031-43863 

9 

3164.  61 

15223-46813 
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Osmium  —  All  Observed  Lines 


Intensity 
3.nci 

CW\  ri.V          t  T 

\^  X  X  CX  X  <-X  \^  l>  W  J. 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
T  jevel  s 
in  K 

Intensity 
cLnd 

("  Vl  3  T"  a  C^f^  T 

Wave- 

1  f^T\  crt'Vi 

IT*  A 

Spec- 
truna 

Energy 

T    O  t  r  0 1  C 

J_jt:  V  c  JL  o 
ill  r\. 

32 

3166.  51 

\ 

23463-55034 

17 

3372,  08 

13365-43011 

13 

3168.  28 

15223-46776 

13 

3378  68 

J 

19893-49482 

13 

3173.  20 

I 

13365-44870 

32 

3384.  00 

I 

12774-42317 

19 

3173.  93 

II 

7892-39390 

9 

3384.  60 

I 

14339-43876 

44 

3178.  06 

I 

4159-35616 

20 

3385.  94 

I 

12774-42300 

11 

3180. 12 

J 

19893-51329 

9 

3386.  14 

14339-43863 

24 

3181.  88 

14339-45758 

65 

3387.  84 

J 

10166-39675 

18 

3182. 57 

I 

14091-45503 

7 

3394. 59 

24 

3185.  33 

I 

2740-34126 

10 

3395.  72 

I 

15223-44663 

32 

3186.  98 

I 

11378-42747 

13 

3401.  17 

I 

23323-52716 

6 

3187.  34 

\ 

13365-44730 

65 

3401.  86 

8743-38130 

32 

3189.  46 

8742-40087 

26 

3402.  51 

\ 

0-29382 

32 

3194.  23 

I 

14091-45389 

10 

3406.  28 

20 

3195.  38 

I 

11031-42317 

10 

3406. 67 

I 

14091-43437 

13 

3195.  97 

I 

11378-42658 

13 

3408.  76 

I 

10166-39494 

16 

3213.  31 

II 

13204-44315 

13 

3412. 74 

200 

3232. 06 

4159-35090 

13 

3421.  69 

\ 

10166-39383 

30 

3238.  63 

I 

5766-36634 

7 

3427.  44 

I 

23323-52491 

20 

3241.  04 

I 

11031-41876 

16 

3427.  67 

I 

8743-37909 

13 

3248.  00 

I 

13365-44144 

7 

3435.  26 

I 

12774-41876 

20 

3254. 91 

14848-45562 

10 

3439. 49 

8743-37809 

20 

3256.  92 

\ 

11031-41726 

26 

3440  60 

J 

11031-40087 

^  ^  \J  ^  Jk-                1   \J  \J  W  f 

20 

3260.  30 

I 

8743-39406 

13 

3444.  46 

I 

14852-43876 

320 

3262. 29 

I 

4159-34804 

17 

3445.  55 

I 

14848-43863 

40 

3262.  75 

I 

8743-39383 

32 

3449. 20 

I 

11378-40362 

320 

3267.  94 

0-30592 

7 

3455.  03 

13365-42300 

65 

3269.  21 

\ 

5766-36346 

13 

3458.  38 

\ 

14848-43755 

20 

3272.  16 

I 

15223-45775 

13 

3465.  44 

I 

17667-46515 

55 

3275. 20 

I 

5766-36290 

13 

3478.  53 

I 

17667-46407 

34 

3277.  97 

I 

5766-36264 

13 

3482. 11 

I 

10166-38876 

7 

3280.  92 

7 

3482. 23 

\ 

11378-40087 

7 

3286  67 

13020-43437 

7 

3487. 25 

14848-43516 

20 

3288.  84 

I 

28372-58769 

13 

3487.  46 

130 

3290. 26 

I 

2740-33124 

13 

3490.  33 

800 

3301. 56 

I 

0-30280 

10 

3491. 50 

I 

19893-48526 

26 

3306.  23 

12774-43011 

5 

3495. 62 

65 

3310  91 

J 

11031-41225 

17 

3498.  54 

10166-38741 

13 

3315.  42 

I 

5766-35920 

26 

3501.  16 

I 

14848-43402 

10 

3315. 69 

I 

13365-43516 

65 

3504. 66 

I 

4159-32685 

10 

3316.  69 

46 

3512.  99 

I 

12774-41232 

26 

3324.  33 

13365-43437 

10 

3513.  86 

\ 

16212-44663 

32 

3327  42 

J 

14848-44893 

7 

3516.  63 

19049-47477 

100 

3336.  15 

I 

4159-34126 

32 

3518.  72 

11 

3351.  74 

I 

6093-35920 

12 

3520.  00 

13 

3353.  91 

50 

3523. 64 

I 

0-28372 

24 

3357.  97 

14091-43863 

13 

3526.  04 

\ 

11031-39383 

26 

3361. 15 

\ 

8743-38486 

130 

3528.  60 

0-28332 

20 

3364. 12 

2740-32457 

24 

3530.  06 

10166-38486 

13 

3370.  20 

14091-43755 

24 

3532. 80 

4159-32457 

100 

3370.  59 

5144-34804 

13 

3533.  41 

15223-43516 
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Osmium 


—  All  Observed  Lines 


Intensity 
3.ncl 

1           1»»    »1    1^—1    j-^  4-  J-t 

v^ndXcLcter 

Wave- 
lengLn 
in  A 

Spec- 
trum 

Energy 
i-iG  V  eis 
m  is. 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

7 

3541. 91 

14091-42317 

60 

3790. 14 

\ 

14848-41225 

24 

3542. 71 

J 

14091-42310 

17 

3790.  73 

14852-41225 

10 

3555.  97 

I 

12774-40888 

36 

3793. 91 

I 

18902-45252 

100 

3559. 79 

I 

8743-36826 

4 

3794.  66 

28332-54677 

130 

3560. 86 

I 

8743-36818 

8 

3795.  67 

I 

24292-50630 

13 

3562. 34 

8743-36806 

8 

3827.  14 

22616-48737 

32 

3569. 78 

J 

11378-39383 

24 

3836. 06 

\ 

8743-34804 

13 

3574.  08 

I 

14339-42310 

13 

3840. 30 

I 

29099-55132 

7 

3586.  51 

I 

18902-46776 

13 

3841. 29 

I 

25013-51039 

13 

3587.  32 

13020-40888 

7 

3843.  66 

I 

15223-41232 

7 

3592.  32 

23323-51152 

17 

3849. 94 

12774-38741 

65 

3598.  11 

2740-30525 

20 

3857.  09 

} 

4159-30078 

20 

3601.  83 

I 

10166-37922 

20 

3865. 47 

I 

25275-51138 

10 

3604. 48 

II 

11654-39390 

65 

3876.  77 

I 

11031-36818 

7 

3609.  15 

22 

3881. 86 

I 

10166-35920 

26 

3616.  57 

10166-37809 

3.  5 

3886.  75 

{ 

13020-38741 

13 

3619.  43 

\ 

15391-43011 

3.  5 

3895.  18 

15223-40888 

7 

3629.  95 

I 

5144-32685 

12 

3900. 39 

I 

2740-28372 

44 

3640.  33 

I 

14848-42310 

17 

3901. 71 

I 

8743-34365 

5 

3648.  81 

I 

19760-47158 

3.  0 

3907.  65 

I 

14091-39675 

22 

3654. 49 

15391-42747 

3.  0 

3911. 81 

12774-38331 

32 

3656.  90 

2740-30078 

3.  0 

3918. 97 

{ 

27954-53464 

12 

3666.  31 

I 

18902-46170 

3.0 

3922.  03 

I 

12774-38264 

46 

3670.  89 

I 

11031-38264 

3.  0 

3925.  10 

I 

12774-38244 

12 

3675.  45 

I 

15223-42422 

3.  0 

3926.  77 

I 

18417-43876 

8 

3681.  57 

19109-46264 

4 

3928.  41 

J 

11378-36826 

24 

3689.  06 

\ 

11031-38130 

4 

3928.  54 

5144-30592 

3.  5 

3698.  83 

I 

14848-41876 

9 

3930.  00 

I 

14852-40291 

18 

3703.  25 

I 

17667-44663 

7 

3931.  52 

I 

11378-36806 

12 

3706.  56 

I 

23323-50294 

22 

3938.  59 

I 

8743-34126 

12 

3709.  14 

11378-38331 

8 

3939.  57 

13365-38741 

8 

3712.  84 

15391-42317 

9 

3949.  78 

J 

13020-38331 

22 

3713.  73 

I 

15391-42310 

5 

3952. 77 

I 

14091-39383 

8 

3718.  34 

I 

11378-38264 

4 

3955. 37 

I 

15223-40498 

20 

3719. 52 

I 

14848-41726 

8 

3960.  51 

I 

24292-49534 

22 

3720.  13 

8743-35616 

18 

3961.  02 

\ 

14848-40087 

3.  5 

3721. 96 

\ 

24292-51152 

90 

3963.  63 

4159-29382 

6 

3729. 22 

I 

17667-44475 

9 

3964.96 

I 

2740-27954 

8 

3730.  73 

I 

14091-40888 

13 

3969.  67 

I 

14852-40036 

17 

3746.  47 

I 

14339-41023 

10  h 

3975.  44 

I 

12774-37922 

360 

3752. 52 

\ 

2740-29382 

65 

3977. 23 

{ 

5144-30280 

10 

3757.  12 

12774-39383 

4 

3979.  36 

30280-55403 

13 

3766.  30 

I 

11378-37922 

9 

3988.  18 

I 

14339-39406 

12 

3768.  14 

I 

11378-37909 

3.  5 

3988.  62 

I 

19411-44475 

12 

3774.  40 

I 

18902-45389 

3.  5 

3991. 49 

I 

2740-27787 

11 

3774. 62 

15391-41876 

4 

3994. 93 

21303-46328 

12 

3776.  25 

} 

13020-39494 

3.5 

3996. 80 

0-25013 

28 

3776.  99 

1U166  —  36634 

b 

3990. 93 

19o93  —  44893 

200 

3782.  20 

4159-30592 

13 

4003.  48 

15391-40362 

8 

3789. 11 

14848-41232 

9 

4004. 02 

11378-36346 
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Osmium 


—  All  Observed  Lines 


Intensity 

CL±X*~L 

Via  f    c  ^  ^ 

Wave- 

1  fi'n  rrt"  n 
XC 11  g  LI  1 

in  A 
ill  xA. 

Spec- 
trum 

Energy 

T       t  rf^  1  G 
XjC.  V  C  X  O 

111  JTV 

Intensity 

a.nd 
Ch3.ra.cter 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
J_,e  veis 
m  K 

13 

4005.  16 

J 

18902-43863 

9 

4338.  75 

15223-38264 

6  h 

4015.  04 

13365-38264 

9 

4351  53 

J 

■1  sgn?  —41  87A 

14 

4018.  26 

I 

13365-38244 

6  h 

4354.  46 

I 

10166-33124 

5  h 

4029.  32 

I 

30592-55403 

4 

4357.  98 

I 

15391-38331 

8 

4032. 92 

I 

23985-48773 

6 

4358.  14 

I 

30525-53464 

-  9 

4037.  84 

\ 

5766-30525 

19 

4365.  67 

13020-35920 

5 

4038  64 

1  91  09-43863 

10 

4370  66 

J 

X  — '  ^  /X  _/tJt.U" 

25 

4041.  92 

I 

19411-44144 

4 

4376.  90 

I 

37809-60649 

14 

4048.  05 

I 

15391-40087 

8 

4391. 08 

I 

19109-41876 

5 

4051.  43 

I 

16212-40888 

46 

4394.  86 

I 

11378-34126 

85 

4066.  69 

J 

22616-47199 

14 

4397.  26 

14091-36826 

22 

4070  86 

14848-39406 

5 

4400  58 

32685  —  55403 

17 

4071. 56 

I 

14852-39406 

14 

4402. 74 

I 

28332-51039 

20 

4074. 68 

I 

14848-39383 

5 

4404.  21 

I 

15223-37922 

6 

4088.  44 

I 

15223-39675 

3.5 

4411.13 

I 

16212-38876 

44 

4091.  82 

6093-30525 

440 

4420. 47 

0-22616 

5 

4098  10 

J 

14091-38486 

9 

4432.  41 

\ 

13365-35920 

11 

4100.  30 

I 

81A3-33U4 

26 

4436. 32 

I 

2740-25275 

5 

4103.  62 

I 

27787-52149 

4.  5 

4437.  09 

I 

15391-37922 

110 

4112.  02 

I 

5766-30078 

9 

4439.  64 

I 

15391-37909 

16 

4124.  60 

11378-35616 

3.  5 

4445. 69 

14339-36826 

16 

4128.  96 

\ 

4159-28372 

20 

4447.  35 

\ 

14339-36818 

220 

4135.  78 

I 

4159-28332 

7  d 

4459. 53 

I 

15391-37809 

13 

4137.  84 

I 

15223-39383 

3.  0 

4462. 29 

I 

21034-43437 

6 

4158. 78 

I 

14091-38130 

3.0 

4465. 94 

I 

38264-60649 

6 

4159.  96 

12774-36806 

8 

4479.  81 

\ 

12774-35090 

16 

4172.  57 

J 

10166-34126 

11 

4484.  76 

10166-32457 

110 

4173.'  23 

I 

5144-29099 

3.5 

4488!  60 

I 

2740-25013 

55 

4175. 63 

I 

8743-32685 

3.  0 

4518.  89 

I 

19109-41232 

11 

4184. 13 

I 

18417-42310 

3.0 

4520. 32 

I 

19109-41225 

28 

4189.  91 

12774-36634 

6 

4524.  87 

11031-33124 

5 

4195  14 

J 

14091-37922 

6 

4529. 67 

J 

13020-35090 

16 

4201.  45 

I 

4159-27954 

2.5 

4537*.  62 

I 

16212-38244 

22 

4202.  06 

I 

14339-38130 

6 

4539.  92 

I 

25594-47615 

110 

4211. 86 

I 

23463-47199 

10 

4548.  66 

I 

14848-36826 

11 

4213.  86 

25013-48737 

48 

4550.  41 

\ 

14848-36818 

9 

4215  16 

J 

14091  —  37809 

12 

4551. 30 

14852-36818 

5 

4226.  53 

I 

15223-38876 

3.  0 

4579.*  04 

I 

19893-41726 

15 

4233.  46 

I 

13020-36634 

8 

4595.  04 

I 

29382-51138 

440 

4260. 85 

I 

0-23463 

8 

4597.  16 

I 

11378-33124 

9 

4264.  75 

13365-36806 

2.5 

4605.  04 

\ 

16212-37922 

4?fi9  61 

J 

1  8902—42317 

15 

4616  78 

11031-32685 

5 

Mil.  15 

I 

19049-42422 

15 

4631. 83 

I 

15223-36806 

9 

4285. 90 

I 

13020-36346 

3.  0 

4634.  77 

I 

23323-44893 

50 

4293.  95 

I 

14848-38130 

3.0 

4641. 83 

I 

8743-30280 

6 

4296.  22 

13365-36634 

12 

4663. 82 

{ 

15391-36826 

5 

4308.  88 

{ 

19109-42310 

2.  5 

4682. 31 

12774-34126 

50 

4311. 40 

5144-28332 

6 

4692. 06 

11378-32685 

10 

4326.  25 

15223-38331 

2.5 

4732.  80 

15223-36346 

30 

4328.  68 

11031-34126 

2.0 

4738.  04 

25070-46170 
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Osmium  —  All  Observed  Lines 


Intensity 
Chcir  acte  r 

Wave- 

in  x\ 

Spec- 
trum 

Energy 

1  J  C;  V  c  ±  o 
111  xV 

Intensity 

Wave- 

J-CIi y  Lll 

in  /\ 

Spec- 
trum 

Energy 

T    O  t       1  C 
in  "k" 

m  jx 

4 

4738.  35 

1.  0 

5447.  76 

11031-29382 

A 
H 

H  /  HJ,  O  7 

1/DD/  J>0/H1 

1,  o 

_)HH /,  J>  ; 

1  4"^  "^Q  —  "^PARc; 
IHJJ)?  —  ^^iDOD 

2.5 

4752.  16 

I 

34365-55403 

1.8 

5453.  40 

I 

23985-42317 

3.0 

4763. 10 

I 

38613-59602 

2.  0 

5457.  30 

I 

5144-23463 

60 

4793.  99 

I 

4159-25013 

2.5 

5470.  00 

I 

14848-33124 

2.  0 

4813.  80 

14848-35616 

1.2 

5474.  58 

25602-43863 

0  n 

U 

Hoi  !3,  3  U 

1  7 

1  Dm  i-J 

4 

4815. 96 

I 

30280-51039 

0.  8 

5477.  27 

I 

17667-35920 

2.  0 

4826.  66 

I 

14091-34804 

1.4 

5481. 85 

I 

19893-38130 

2.  0 

4843.  87 

I 

8743-29382 

2.0 

5509.  33 

I 

30592-48737 

10 

4865. 60 

30592-51138 

0.  8 

5516.  01 

28140-46263 

A 
H 

Hoy/. 

0p-i70  _  Afi7^7 
uOjjc.      HO  /  J?  / 

?4 

DDc-J,  DP 

oanqQ  —471  QQ 

6 

4912.  60 

I 

12774-33124 

2.  0 

5546.  82 

I 

34125-52149 

2.5 

4935.  81 

I 

17667-37922 

0.  8 

5549.  79 

I 

33124-51138 

2.5 

4942.  94 

I 

15391-35616 

1.2 

5552.  88 

I 

11378-29382 

3.5 

4979. 32 

J 

16212-36290 

1.0 

5560. 62 

J 

35616-53595 

c 
J 

_3U_J1. 

1.  H 

^c;pn  AA 

DDO\Jm  OO 

J  J  Ll.H  —  DL\J  Jy 

4 

5039. 12 

I 

18902-38741 

7 

5584.  44 

I 

15223-33124 

3.0 

5072. 88 

I 

16212-35920 

0.  7 

5600. 50 

I 

36826-54677 

3.0 

5074. 77 

I 

15391-35090 

3.0 

5620.  08 

I 

10166-27954 

3.  0 

5079.  09 

12774-32457 

0.  8 

5637.  41 

15391-33124 

p 

o 

?nA%  —  79,'K'\7 

7  n 

tiAZl9  ^A 

1  qi  flQ  —  '^AR9A 

J.7XU7  —  ^DOcO 

5 

5110.  81 

I 

11031-30592 

2.  5 

5645.  25 

I 

19109-36818 

2.  0 

5122.23 

I 

14848-34365 

0.  6 

5648.  98 

I 

19109-36806 

2.0 

5145.  54 

I 

18902-38331 

0.  8 

5660.  21 

12 

5149.  74 

15391-34804 

0.  6 

5674. 38 

18301-35920 

API  p  —  ^U77'\ 

7  ^ 

-JOOU.  oo 

"^4804  —  R94n9 

2.5 

5168.  98 

I 

38486-57827 

1.  0 

5709.  37 

I 

37909-55419 

3.5 

5193.  52 

I 

11031-30280 

15 

5721.  93 

I 

5144-22616 

24 

5202.  63 

I 

10166-29382 

0.7 

5737. 89 

I 

17667-35090 

3.0 

5203.  23 

11378-30592 

0.7 

5739.  72 

25594-43011 

i.  o 

DC.DV,  HO 

7  n 

D  1  OD,  \JD 

1 1  V\'i,^  _ 98-^79 
XX  u^x     cop  1  L. 

4 

5255. 82 

I 

19109-38130 

15 

5780.  82 

I 

15391-32685 

5 

5265.  15 

I 

23323-42310 

3.5 

5800. 60 

I 

15223-32457 

1.8 

5283.  89 

I 

19411-38331 

0.7 

5842.  49 

I 

22564-39675 

1.  8 

5295.  65 

I 

16212-35090 

10 

5857. 76 

J 

15391-32457 

Dc.yo,  1  o 

79,'K'K7  —471  QQ 

7  ^ 

'^RAn  A4 

IJODU,  OH 

1.2 

5302. 58 

I 

19411-38264 

1.  0 

5882. 92 

I 

11378-28372 

1.6 

5336. 23 

I 

15391-34126 

1.  0 

5903. 98 

I 

19893-36826 

1.0 

5346.  03 

I 

11378-30078 

1.0 

5906.  84 

I 

19893-36818 

1.2 

5352.  25 

I 

17667-36346 

0.  6 

5908.  95 

30280-47199 

DJ  1  O,  /  7 

IHUyl  —  jCOQD 

U.  O 

cqpT  -ZA 

1  RQn9  —  "^c,  AT  A 
XovUc  —  JDO  i.O 

1.  4 

5403.  43 

I 

1.0 

5983.  22 

I 

25602-42310 

1.2 

5412. 14 

I 

21033-39505 

6 

5996.  00 

I 

34365-51039 

11 

5416.34 

I 

30280-48737 

1.8 

6015.79 

I 

21303-37922 

4 

5416.  69 

4159-22616 

0.  6 

6054. 63 

\ 

27351-43863 

2.  5 

5417.  51 

32685-51138 

1.  8 

6144.  53 

8743-25013 

1.4 

5441. 82 

19893-38264 

1.  0 

6158.  03 

34804-51039 

5 

5443.  31 

14091-32457 

3.  0 

6227. 70 

32685-48737 

2.0 

5446.  93 

32685-51039 

0.  6 

6241.  70 

13365-29382 
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Osmium 


—  All  Observed  Lines 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy- 
Levels 
in  K 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy 
Levels 
in  K 


2.  0 

6269.  41  ] 

[  43012 

-58957 

1.  2 

6956. 02  ] 

[  34365 

-48737 

1.  0 

6274. 94 

40291 

-56222 

0.  8 

6984.  95 

16212 

-30525 

1.0 

6286.  83  ] 

[  18902 

-34804 

2.0 

7060.  67  ] 

[  15223 

-29382 

0.  8 

6398.  86  ] 

[  25602 

-41225 

3.  0 

7145.  54  ] 

[  15391 

-29382 

2.  0 

6403. 15  ] 

[  33124 

-48737 

1.  4 

7149.  89  ] 

[  11031 

-25013 

0.  8 

6448.  13  ] 

[  41225 

-56729 

0.  6 

7184.10  ] 

[  38486 

-52402 

0  5 

6520.  85 

21303 

-36634 

1. 4 

7206.  33 

8743 

-22616 

0.6 

6528.  87  ] 

[  21034 

-36346 

0.7 

7209.  96  ] 

[  16212 

-30078 

0.  6 

6533.  14  ] 

[  15223 

-30525 

1.  2 

7251.  16  ] 

[  21303 

-35090 

1.  0 

6538.  30  ] 

[  14091 

-29382 

0.  8 

7253.  49  ] 

[  18902 

-32685 

1.  0 

6576.  83  ] 

[  15391 

-30592 

0.  8 

7375.  07  ] 

[  18902 

-32457 

0.7 

6614.  56  ] 

[  24292 

-39406 

1.2 

7407.  95  ] 

[  23323 

-36818 

n  A 

U.  H 

r  4n?91 

_J  H  U  ^ 

0.  6 

6661.  81  ] 

[  13365 

-28372 

0.6 

7701.  46  ] 

[  15391 

-28372 

3.0 

6729.  56  ] 

[  15223 

-30078 

1.0 

7789.  96  ] 

[  34365 

-47199 

2.0 

6791.  53  ] 

[  8743 

-23463 

1.0 

7852.  17  ] 

[  15223 

-27954 

1.  6 

6806.  61  ] 

[  15391 

-30078 

0.8 

7981.  20  ] 

[  24292 

-36818 

0.6 

6878.  70  ] 

[  14848 

-29382 

0.9 

8041.  29  ] 

[  11031 

-23463 

0.5 

6901.  58  ] 

[  25602 

-40087 
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PALLADIUM 


Pd,  Z=46,  M=  106.4,  Ratio  ^=1.674 

Pd  I  Normal  state  of  valence  electrons  4d^°^8o  =0.  I.P.=  67236  K 
Pdii  Normal  state  of  valence  electrons        ^D2k.=0.    I.P.  =  156700  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Pdi,   A.  G.  Shenstone,  Phys.  Rev.  36,  669  (.1930). 
Pdii,  A.  G.  Shenstone,  Phys.  Rev.  33,  30  (1928). 


Relative  intensity  of  palladium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  palladium 


Strong  lines  of  palladium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

2600 
2200 
2200 
1400 
1300 

3404.  58 
3609.  55 
3634.  70 
3421.  24 
3516.  94 

I 
I 
I 
I 
I 

6564-35928 
7755-35451 
6564-34069 
7755-36976 
7755-36181 

5s>  3D3— 5p' 
5s'  3D2— 5pi  3F| 
5si  3D3— 5p» 
5si  3D2— 5pi  3D  5 
5s'  3D2— 5p'  3Pf 

1300 
1200 
1100 

3553.  08 
3242.  70 
3481.  15 

I 
I 
I 

11722-39858 
6564-37394 
10094-38812 

5s»  'D2— 5p'  'F| 
5s'  3D3— 5p'  3D| 
5s'  3D,— 5p'  3F5 
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Pal  ladium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

65 

2447.  91 

0-40839 

280 

4212. 95 

11722-35451 

1  nn 

J.  uu 

20 

AAj-x  c.q 

J 

1 1 100  _  "^/i  nAQ 

3.0 

2486.  53 

II 

27094-67299 

6 

h 

4788.  18 

I 

34069-54948 

8 

2488.  92 

II 

25081-65247 

5 

h 

4817. 51 

I 

34069-54821 

3.5 

2498.  78 

II 

32278-72285 

4 

4875.  43 

I 

34069-54574 

160 

2763. 09 

0-36181 

6 

5110. 81 

35451-55012 

^  O  J  H.  O 

T  T 

C-  C  1  O        \J  1  L./  / 

8 

m  1  7  n? 

44 

2922. 49 

6564-40771 

17 

5163.  84 

I 

35451-54811 

55 

3002. 65 

I 

6564-39858 

5234.  86 

I 

35928-55025 

4 

3009.  78 

I 

25101-58317 

13 

5295.  63 

I 

35928-54806 

130 

3027.  91 

7755-40771 

2.  0 

5312.  57 

36181-54998 

^  U  D IJ,  ^  X 

77RR  —  4n'^AQ 

11-)-}  HuJ/O/ 

1.  6 

JvODO  DODOl. 

220 

3114.  04 

I 

7755-39858 

4 

5395.  24 

I 

39858-58388 

30 

3142.  81 

I 

25101-56911 

6 

5542. 80 

I 

36976-55012 

1200 

3242.  70 

I 

6564-37394 

4 

5547. 02 

I 

36976-54998 

300 

3251.  64 

{ 

10094-40839 

3.  0 

5619.  44 

{ 

40771-58562 

J?  o  u 

J?  ^    o.  /  o 

1 nnQ4  —  4n77i 

1.  7 

50 

3287.  25 

I 

6564-36976 

1.5 

5655. 42 

I 

40771-58448 

400 

3302. 13 

I 

10094-40369 

8 

5670.  07 

I 

37394-55025 

550 

3373.  00 

I 

7755-37394 

1.2 

5690.  14 

I 

40839-58408 

2600 

3404.  58 

6564-35928 

6 

h 

5695.  09 

{ 

37394-54948 

771; t;  _-2L,q-jL 

2.0 

-J  /  J/O.  ox 

550 

3433. 45 

I 

11722-40839 

2.5 

6774. 54 

I 

25101-39858 

700 

3441.  40 

I 

11722-40771 

7 

6784. 52 

I 

34069-48804 

850 

3460.  77 

I 

6564-35451 

0.4 

h 

6833. 42 

I 

40369-54998 

1100 

3481.  15 

J 

10094-38812 

1.2 

7016.  44 

38088-52336 

■^4RQ  77 

1  1  790  _  4n'^AQ 

1.4 

h 

7'^^  n  nA 

1300 

3516.  94 

I 

7755-36181 

8 

7368.  12 

I 

35451-49020 

1300 

3553. 08 

I 

11722-39858 

3  0 

7391. 92 

I 

38812-52336 

500 

3571.  16 

I 

10094-38088 

1.8 

7486.  90 

I 

35451-48804 

2200 

3609.  55 

I 

7755-35451 

13 

7764. 03 

J 

35928-48804 

^  UU 

ARA4  —  '^4n  AQ 

3.0 

77RA  A7 

/  /  OD.  0  / 

^Ai R1 — 4Qn?n 

600 

3690. 34 

I 

11722-38812 

5 

7915.80 

I 

39858-52488 

150 

3718.  91 

I 

10094-36976 

2.0 

7961.  08 

I 

28214-40771 

160 

3799.  19 

I 

7755-34069 

6 

8132. 82 

I 

25101-37394 

160 

3832. 29 

10094-36181 

5 

8300.  83 

36976-49020 

240 

3894.  20 

11722-37394 

1.  0 

h 

8353. 58 

40369-52336 

160 

3958.  64 

11722-36976 

2.  0 

h 

8532.  74 

40771-52488 

32 

4087.  34 

11722-36181 

1.8 

h 

8599.  10 

I 

37394-49020 

10 

4169,  84 

{ 

10094-34069 

7 

8761.  35 

37394-48804 

240 


PHOSPHORUS 


P,  Z=15,  M=30.975,  Ratio  ^=0.487 


Pi  Normal  state  of  valence  electrons  3s^3p^  *&ly=0.  I.P.=  84580  K 
Pii  Normal  state  of  valence  electrons  Ss^Sp^To  =0.    I.P.  =  159100  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

P  I,  C.  C.  Kiess,  J.  Research  NBS  8,  393  (1932)  RP425. 

Pi  and  P  ii,  W.  C.  Martin,  J.  Opt.  Soc.  Am.  49,  1071  (1959). 


Relative  intensity  of  phosphorus  lines  observed  in  an  arc  of  copper  containing  0.1 

atomic  percent  of  phosphorus 

Strong  lines  of  phosphorus 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

60 

2535.  65 

I 

18748-58174 

Phosphorus  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  rgy 
_  Levels 
in  K 

1.0 

2135. 47 

11362-58174 

22 

2534.  01 

I 

18722-58174 

10 

2136.  20 

11376-58174 

60 

2535.  65 

I 

18748-58174 

9 

2149.11 

11362-57877 

38 

2553. 28 

I 

18722-57877 

1.  0 

2152. 95 

18722-65157 

15 

2554. 93 

I 

18748-57877 

2.0 

2154.  08 

18748-65157 
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PLATINUM 


Pt 

Pt,  Z=78,  M=  195.09,  Ratio  ^=3.070 

Pti  Normal  state  of  valence  electrons  5(Z»6s''D3  =0.  I.P.=  72300  K 
Ptii  Normal  state  of  valence  electrons  5d^     ^02^=0.    I.P.  =  149700  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Pti,   A.  C.  Haussman,  Astrophys.  J.  66,  333  (1927). 

J.  J.  Livingood,  Phys.  Rev.  34,  185  (1929). 
Ptii,  A.  G.  Shenstone,  Phil.  Trans.  Roy.  Soc.  (London)  [A]237,  453  (1938). 


Relative  intensity  of  platinum  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  platinum 


Strong  lines  of  ■platinum 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

320 

3064.  71 

I 

0-32620 

5d96si  a 'D3— 5<i96pi  U 

280 

2659.  45 

I 

0-37591 

5d96s'  a  3D3— 5d»6p>  7| 

200 

2702.  40 

I 

776-37769 

5d«6s'  a  3D2— 5d«6pi  8§ 

180 

2733.  96 

I 

776-37342 

5d96s»  0  3D2—  61 

180 

2997.  97 

I 

776-34122 

5d«6s>  a  'D2— 5</«6pi  3| 

170 

2929.  79 

I 

0-34122 

5d«6s>  a  3D3— 5d»6p'  3| 

160 

2705.  89 

I 

824-37769 

5d86s2  a  3F4— 5d96p'  8§ 

140 

2830.  30 

I 

0-35322 

5d96s'  a  3D3— 5d'6s'6pi4| 

130 

2719.  04 

I 

824-37591 

5rf86s2  a  3F4— 5d96p'  7j 

110 

2628.  03 

I 

776-38816 

5d«6si  a  3D3—  10| 
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Platinum  —  All  Observed  Lines 


Intensity 

3.nd 

Wave- 
iengin 
in  A 

Spec- 
trum 

Energy 

T       A  V  T  ^   1  O 

m  Jx 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

3.  0 

2030.  63 

14 

2524.  30 

6568-46170 

4 

2032.  41 

\ 

4 

2529. 41 

\ 

13496-53019 

6 

2049.  37 

I 

0-48779 

5 

2536.  49 

I 

10132-49545 

2.  0 

2067. 50 

I 

0-48352 

16 

2539.  20 

I 

824-40194 

5 

2084. 59 

I 

824-48779 

1.  8 

2549. 46 

I 

13496-52708 

2.  0 

2103.  33 

824-48352 

5 

2552.  25 

10117-49286 

2  5 

2128.  61 

\ 

776-47741 

5 

2596.  00 

\ 

15502-54011 

6 

2144.  23 

I 

0-46622 

7 

2603. 14 

I 

10132-48536 

II 

4787-51408 

5 

2619.  57 

I 

6568-44730 

2.  5 

2165. 17 

I 

0-46170 

110 

2628.  03 

I 

776-38816 

7 

2174.  67 

13 

2639.  35 

6568-44444 

2.  5 

2202.  22 

\ 

776-46170 

100 

2646.  89 

J 

0-37769 

2.5 

2222. 61 

I 

6568-51546 

50 

2650. 86 

I 

824-38536 

1.  6 

2249.  30 

I 

0-44444 

2.  0 

2658.  17 

I 

10132-47741 

2.  5 

2268.  84 

I 

280 

2659.  45 

I 

0-37591 

4 

2274.  38 

776-44730 

4 

2674.  57 

6568-43946 

2.  5 

2289.  27 

} 

776-44444 

44 

2677.  15 

\ 

0-37342 

2.5 

2292.  40 

I 

824-44433 

20 

2698.  43 

I 

6140-43188 

5 

2308.  04 

I 

6568-49881 

200 

2702.  40 

I 

2.0 

2315.  50 

I 

160 

2705.  89 

I 

824-37769 

5 

2318.  29 

824-43946 

6 

2713. 13 

10117-46965 

2  5 

2326.  10 

J 

6568-49545 

130 

2719.  04 

\ 

824-37591 

5 

2340.  18 

I 

6568-49286 

13 

2729.  92 

I 

6568-43188 

10 

2357.  10 

I 

776-43188 

180 

2733.  96 

I 

776-37342 

7 

2368.  28 

I 

6568-48779 

7 

2738.  48 

I 

10117-46623 

6 

2383. 64 

10132-52072 

7 

2747.  61 

\ 

13496-49881 

2  0 

2386  81 

J 

776-42660 

8 

2753.  86 

10132-46434 

6 

2389. 53 

I 

824-42660 

20 

2754.  92 

I 

10132-46420 

2.  0 

2396.  17 

I 

13496-55217 

3.  0 

2769.  84 

I 

6568-42660 

4 

2401.  87 

I 

10132-51752 

50 

2771.  67 

I 

776-36845 

12 

2403.  09 

6140-47741 

4 

2773.  24 

13496-49545 

7 

2418.  06 

\ 

13496-54839 

2.  0 

2774.  00 

\ 

10132-46170 

6 

2428.  04 

I 

6568-47741 

5 

2793.  27 

I 

13496-49286 

4 

2428.  20 

I 

10117-51287 

1.  6 

2794.  21 

II 

13311-49089 

2.  0 

2429. 10 

I 

10132-51287 

14 

2803.  24 

I 

6140-41803 

15 

2436.  69 

776-41803 

1.  0 

2808.  51 

15502-51098 

60 

2440.  06 

\ 

0-40970 

5 

2818.  25 

\ 

824-36296 

6 

2450.  97 

I 

0-40788 

140 

2830.  30 

I 

0-35322 

44 

2467.  44 

I 

0-40516 

7 

2834.  71 

I 

10132-45398 

3.  5 

2471. 01 

I 

13496-53953 

1.  6 

2853. 11 

I 

13496-48536 

100 

2487.  17 

0-40194 

2.  5 

2888.  20 

10117-44730 

2  5 

2488.  74 

II 

2.  5 

2893.  22 

J 

15502-50055 

20 

2490.  12 

824-40970 

60 

2893.  86 

I 

776-35322 

16 

2495.  82 

I 

6568-46623 

30 

2897.  87 

I 

824-35322 

24 

2498.  50 

I 

776-40788 

6 

2905. 90 

I 

6568-40970 

5 

2505.  93 

12 

2912. 26 

10117-44444 

12 

2508.  50 

{ 

6568-46420 

12 

2913.  54 

10132-44444 

5 

2514.  07 

10117-49881 

7 

2919.  34 

13496-47741 

6 

2515.  03 

10132-49881 

3.0 

2921. 38 

6568-40788 

24 

2515. 58 

776-40516 

170 

2929.  79 

0-34122 
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Platinum 


—  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
t  rxim 

Energy 
Levels 
in  K 

3.0 

2942. 76 

I 

30157-64129 

8 

3818.  69 

I 

10117-36296 

3.0 

2944.  75 

I 

6568-40516 

4 

3900. 73 

I 

34122-59751 

I.  b 

\ 

lDD\JtL  —  H7^0D 

11 

b^cc.  96 

30157  —  55641 

6 

2960.  75 

3.5 

3948.  40 

\ 

13496-38816 

180 

2997.  97 

I 

776-34122 

10 

3966.  36 

I 

10117-35322 

22 

3002.  27 

I 

824-34122 

2.0 

3996.  57 

15502-40516 

3.  0 

3017.  88 

I 

13496-46623 

11 

4118.  69 

I 

13496-37769 

13 

5\j5o.  45 

i347D  —  4d4^U 

o 
o 

4164.  56 

1(1117  —  34122 

80 

3042. 64 

{ 

824-33681 

4 

4192. 43 

\ 

13496-37342 

320 

3064.  71 

I 

0-32620 

1.8 

4327.  06 

I 

33680-56784 

3.0 

3071. 94 

I 

10117-42660 

1.8 

4391. 83 

I 

21967-44730 

13 

3100. 04 

I 

6568-38816 

8 

4442. 55 

I 

10117-32620 

/  lb  —  id.bL\j 

1.  4 

/I  /I  /I  c    c  c 

4445.  55 

1U132  — 3262U 

14 

3156.  56 

J 

10132-41803 

2.5 

4498.  76 

\ 

30157-52379 

12 

3200.  71 

I 

13496-44730 

1.2 

4520. 90 

I 

37769-59882 

32 

3204.  04 

I 

6568-37769 

3.5 

4552. 42 

I 

33680-55641 

3.  0 

3230.  29 

I 

13496-44444 

1.2 

4879.  53 

I 

36296-56784 

2.  0 

3233. 42 

— 4d4^U 

1.  4 

c  n  /I  /I    n  /I 
5U44. U4 

155(12  —  35322 

2.  0 

3250.  36 

{ 

3.0 

5059.  48 

{ 

32620-52379 

4 

3251.  98 

I 

10132-40874 

3.5 

5227.  66 

I 

13496-32620 

16 

3255.  92 

I 

6140-36845 

4 

5301. 02 

I 

36782-55641 

2.  5 

3268.  42 

I 

1.2 

5368.  99 

I 

15502-34122 

2.  5 

o  O  O  T      Q  "7 

33Doi  —  D4i4i 

1.  2 

537U.  /7 

i'W.cL  —  bcoo  1 

12 

3290.  22 

} 

10132-40516 

1.4 

5475. 77 

{ 

34122-52379 

50 

3301. 86 

I 

6568-36845 

1.4 

5478.  50 

I 

38536-56784 

6 

3315.  05 

I 

0-30157 

0.6 

5763. 57 

I 

35322-52667 

3.5 

3323.  80 

I 

10117-40194 

2.0 

5840.  12 

I 

15502-32620 

O  /I 

34 

34L)o.  13 

824- 3Ulb/ 

n  o 
U.  o 

C  O  /I  /I     O  /I 

5o44.  o4 

3o536  — 55641 

3.5 

3427. 93 

{ 

13496-42660 

0.  6 

6026.  04 

{ 

40194-56784 

6 

3483. 43 

I 

10117-38816 

0.7 

6318.  37 

36845-52667 

16 

3485.  27 

I 

10132-38816 

0.  8 

6326.  58 

I 

21967-37769 

12 

3628.  11 

I 

6568-34122 

0.9 

6523.  45 

I 

37342-52667 

7 

3638.  /9 

lUil  /  — 3 /b91 

1.  u 

O /lU.  4^ 

3 / / D7  —  b^DD / 

7 

3643.  17 

\ 

18567-46007 

2.0 

6760. 02 

37591-52379 

3.5 

3699.  91 

13496-40516 

6 

6842. 60 

37769-52379 

1.8 

3706.  53 

I 

2.0 

7113.  73 

18566-32620 

2.0 

3801. 05 

1.0 

8224. 74 

21967-34122 
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POTASSIUM 


K,  Z=19,  M=39.100,  Ratio  7^=0.615 

Cu 

Ki  Normal  state  of  valence  electrons  3p*4s^%K2=0.  I.P.=  35010  K 
K  II  Normal  state  of  valence  electrons  3^"     ^So  =0.    I.P.  =  256637  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

K  I,  A.  Fowler,  Report  on  Series  in  Line  Spectra,  p.  101  (Fleetway  Press,  London,  1922). 
Intensities : 

A.  Filippov,  Phys.  Z.  Sowjetunion  5,  1  (1934). 

E.  F.  M.  van  der  Held  and  J.  H.  Heierman,  Physica  3,  31  (1936). 


Relative  intensity  of  potassium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  potassium 


Strong  lines  of  potassium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

1800 

7664.  91 

I 

0-13043 

3p64si  2SoK— 3p64pi  ^PiH 

900 

7698.  98 

I 

0-12985 

3p64si  2So>^3p«4pi  2PSj^ 

Potassium  —  All  Observed  Lines 


Intensity        Wave-  Energy 

and            length      ^  Levels 
.                °.         trum  „ 
Character        m  A                           in  K 

Intensity         Wave-  Energy 

and              length     ,  ^  Levels 
A  trum 
Character         m  A                           m  K 

32              4044.  14      I  0-24720 
16              4047.  20      I  0-24701 
1.  0      1     5782.  60      I  12985-30274 
1.  4      1     5801.  96      I  13043-30274 

2.5    hi     6911.  30      I  12985-27451 
5        hi     6938.  98      I  13043-27451 
1800              7664.  91      I  0-13043 
900              7698.  98      I  0-12985 

609065  O  -62  -17 
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PRASEODYMIUM 


Pr,  Z=59,  M=  140.91,  Ratio  g^=2.218 

Pr  I   Normal  state  of  valence  electrons  4f  6s^  %v,=0.    I.P.  ==^45000  K 
Pr  II  Normal  state  of  valence  electrons  4/^  6s^  =0. 

References 

Wavelengths : 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945). 
Supplemented  by  the  following : 

F.  Exner  and  E.  Haschek,  Spektren  der  Elemente  bei  Normalen  Druck  (Franz  Deuticke, 
Leipzig  and  Vienna,  1911). 

A.  S.  King,  Astrophys.  J.  68,  194  (1928). 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

N.  Rosen,  G.  R.  Harrison,  and  J.  R.  McNally,  Phys.  Rev.  60,  722  (1941). 
Numerous  lines  were  measured  on  the  plates  of  this  investigation. 

Classification : 

Pr  I  and  Pr  11,  (Spectrum  assignment  only) 

A.  S.  King,  Astrophys,  J.  68,  194  (1928). 

R.  Zalubas,  unpublished  material  (1961). 
Pr  II,  N.  Rosen,  G.  R.  Harrison,  and  J.  R.  McNally,  Phys.  Rev.  60,  722  (1941). 

Molecular  Spectra : 
PrO,  W.  W.  Watson,  Phys.  Rev.  53,  639  (1938). 


Relative  intensity  of  praseodymium  lines  observed  in  an  arc  of  copper  containing  0.1 

atomic  percent  of  praseodymium 


Strong  lines  of  praseodymium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

460 

4179.  42 

1649-25569 

4/36s  a  5I§— 4/36p  z  ^K; 

340 

4222.  98 

442-24115 

4/36s  a  SJI— 4/36p  2  ^Ks 

340 

4225.  33 

0-23660 

4/36s  a        4/36J9  2 

320 

3908.  43 

2998-28578 

4/36s  a  «If— 4/3639  2 

300 

4062.  82 

3403-28010 

4/36s  a        4/36p  z  'Ky 

260  c 

4100.  75 

4437-28816 

4/36s  a        4/36p  2  'Kg 

240 

4143.  14 

2998-27128 

4/36s  a  51?— 4/36p  2  ^Kg 

220 

4189.  52 

2998-26861 

4/36s  a  51?— 4/36p  2  ^I; 

220  c 

4206.  74 

4437-28202 

4/36s  a  5I§— 4/36p  2  ^Ig 

200 

4054.  85 

1744-26398 

4/36s  a  31 1—  226 

200 

4056.  54 

5079-29724 

4/36sa3If— 4/36p  2 'Kg 

190  c 

3982.  06 

3403-28509 

4/36s  a  3Ig— 4/36p  2  ^Hs 

180  c 

3877.  23 

170 

4008.  71 

5079-30018 

4/36s  a  3If— 4/36p  2  ^H, 

150  c 

4118.  48 

442-24716 

4/36s  a  5Ig— 4/36p  2  5I5 

150  c 

4164.  19 

1649-25657 

4/36s  a  5I|— 4/36p  2  ^I, 

150 

4408.  84 

0-22675 

4/36s  a  5I|— 4/36p  2  'Kj 

140 

3816.  17 

140  c 

3964.  83 

442-25657 

4/36s  a        4/36p  2 

140 

3994.  83 

442-25468 

4/36s  a  5I|— 4/36p  2 

130  c 

3918.  86 

2998-28509 

4/36s  a  51?— 4/36p  2  'He 

130  c 

4141.  26 

4437-28578 

4/36s  a  5I§— 4/36io  2  31^ 

130 

4305.  76 

442-23660 

4/36s  a  5IS— 4/36p  z 

120  c 

3850.  83 

120 

3989.  72 

442-25500 

4/36s  a  5IS—  I65 

120 

4333.  91 

1649-24716 

4/36s  a  5I§— 4/36p  2  % 

110 

4368.  33 

0-22886 

4/36s  a  5I|—  55 

100 

3830.  72 

100 

3852.  81 

100 

3925.  46 

0-25468 

4/36s  a  5l5— 4/36p  2  5H4 

100  c 

3965.  26 

1649-26861 

4/36s  a  5Ig— 4/36p  2  51, 

100 

4297.  76 

0-23261 

4/36s  a  5I|—  75 

100 

4351.  85 

1744-24716 

4/36s  a  5I|— 4/36p  2 
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Praseodymium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
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i>  1  cri,  11 
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II 
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II 
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6 
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II 
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II 

4 
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II 

12 

c 

3733. 03 

II 
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II 
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D 
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9 
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II 
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II 
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II 
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II 
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3842.  36 

II 

6 

3778.  75 

6 

3843.  39 

II 

9 

"^730  97 

^  /  OU.  L.  1 
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J5  OU  D.  X  J 

y  y 

77 
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6 

4025. 19 

I 

7 

3976.  56 

II 

32 

4025. 55 

II 

9 

3976.  83 

II 

20 

4026.  84 

II 

5 

3977  4? 

20 

4029.  04 

II 

3.5 

h 

3977.  71 

I 

32 

c 

4029. 73 

II 

3  5 

3979. 69 

6 

4030. 46 

8 

3980.  23 

II 

13 

4031. 09 

II 

8 

3980.  88 

65 

c 

4031. 76 

II 

1649-26445 

6 

h 

3981  20 

IT 

X  X 

20 

4032. 49 

II 

190 

c 

3982. 06 

II 

3403-28509 

13 

4032. 97 

II 

9 

h 

3982.  50 

II 

85 

4033. 86 

II 

2998-27782 

8 

h 

3983.  58 

20 

4034. 30 

II 

1744-26524 

8 

3984.  27 

II 

6 

c 

4036.  54 

8 

c 

3985  66 

II 

X  X 

6 

4037.  22 

6 

3986.  17 

II 

20 

4038.  19 

II 

11 

3987.  37 

65 

4038.  47 

II 

0-24755 

8 

3988.  02 

II 

5 

4038.  90 

120 

c 

3989.  72 

II 

442-25500 

42 

4039.  36 

II 

1649-26398 

4 

3991  26 

II 

X  X 

120 

4044.  82 

II 

0-24716 

20 

3991.  89 

II 

20 

4045.  71 

II 

30 

3992.  18 

II 

20 

4046.  64 

II 

6 

h 

3992.  92 

II 

30 

4047. 10 

II 

4 

c 

3993. 19 

16 

4048.  14 

II 

8 

3994  ni 

40 

4051. 15 

II 

140 

3994.  83 

II 

442-25468 

8 

4052. 58 

II 

24 

3995. 85 

II 

200 

4054.  85 

II 

1744-26398 

50 

c 

3997.  05 

II 

2998-28010 

200 

4056.  54 

II 

5079-29724 

20 

3997.  96 

II 

12 

4058. 19 

II 

28 

TT 

X  ± 

40 

4058.  78 

II 

55 

c 

4000.  19 

II 

1649-26641 

10 

4059.  37 

II 

10 

4000.  48 

II 

10 

h 

4061. 34 

II 

5108-29724 

8 

c 

4000.  91 

20 

4062.  23 

II 

6 

4001. 47 

I 

300 

4062.  82 

II 

3403-28010 

4 

4003  75 

19 

4068.  80 

II 

65 

4004.  71 

II 

15 

4070.  26 

II 

4006.  70 

II 

17 

4072.  52 

II 

6 

4007.  78 

II 

8 

4074.  84 

II 

170 

4008.  71 

II 

5079-30018 

5 

4076.  21 

8 

HUU  7. 

TT 

44 

c 

4079.  79 

II 

6 

4009.  97 

I 

44 

c 

4081. 02 

II 

1649-26146 

55 

4010. 64 

II 

70 

4081.  90 

II 

8 

4013. 23 

44 

4083.  34 

II 

10 

4013.  43 

II 

9 

c 

4084.  74 

II 

8 

4014.  35 

9 

4085.  13 

II 

65 

4015.  39 

II 

1744-26641 

5 

4085. 34 

II 

2.  5 

4016.75 

II 

5 

4086.  24 

II 

55 

4020.  99 

II 

6 

4086.  75 
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Praseodymium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte 

r 

Wave- 
length 
in  A 

Spc  c— 
t  mm 

Energy 
Levels 
in  K 

18 

c 

4087.21 

II 

240 

4143.14 

II 

2998-27128 

3.5 

4088.  87 

A  C 

2.  5 

/I  T   yi  /I  AO 

4144.  23 

T  T 

II 

3.5 

4089.  07 

24 

C 

4146.  54 

II 

c 
0 

4089.  47 

II 

2.5 

4147.14 

5 

4089.  87 

II 

4 

4147.  55 

7 

4090.  74 

II 

24 

4148.46 

II 

1744-25842 

7 

h 

4092.  63 

II 

3.  5 

yi  T   /I  A  OA 

4149. 32 

T  T 

II 

3.5 

4092.  85 

7 

4150.  04 

II 

Q 

o 

c 

4094.  97 

II 

3.5 

4151.  01 

II 

7 

4095.97 

II 

2.5 

4151.74 

II 

7 

4096.34 

II 

8 

4154.  05 

II 

50 

4096.  82 

T  T 

II 

1744  —  26146 

lo 

yiT  rr  /      £-  A 

4156.  52 

T  T 

II 

34 

4098.  41 

II 

3 

4156.  90 

c 
D 

4098.  65 

5 

4157. 77 

II 

14 

4100.  22 

II 

2998-27380 

3.5 

4159.  47 

260 

c 

4100.  75 

II 

4437-28816 

2.5 

4159.  83 

3.0 

4104. 86 

II 

4 

41dU.  47 

10 

4105.  73 

II 

150 

C 

4164.19 

\\ 

1649-25657 

4107.11 

24 

4168.  08 

J  J 

3403-27388 

3.0 

4107.  50 

20 

4169.  46 

J  J 

3403-27380 

8 

4107.  75 

II 

55 

4171. 82 

II 

2998-26962 

6 

4108.  34 

T  T 

II 

65 

4i7<i.  d  I 

1649  —  25610 

3.0 

4109.  09 

3.5 

4173.  70 

\\ 

1  n 

u 

4109.41 

22 

4175. 30 

II 

2.5 

h 

4110.11 

II 

22 

4175.  64 

II 

5 

4110.  47 

II 

9 

4176.33 

II 

4 

/I  T  T  A  AO 

4110.  92 

18 

417o.  d4 

\\ 

13 

c 

4111. 87 

II 

442-24755 

460 

4179.  42 

1649-25569 

n 

4112. 74 

3.5 

4180.40 

II 

24 

c 

4113. 89 

II 

6 

4180.  68 

II 

1744-25657 

5 

4114.84 

3.5 

4182.33 

II 

4 

4115.  83 

II 

3.  5 

/IT  OO     /  "7 

4182,  67 

\\ 

150 

c 

4118.48 

II 

442-24716 

5 

4182.  92 

/I 

4119.37 

10 

4184.  24 

II 

8 

4119. 80 

II 

3.5 

4184.  62 

II 

3 

h 

4120.  00 

I 

12 

4185.15 

II 

2.5 

/I  T        A      A  / 

4120.  96 

/I 

4 

y|  T  A  I"       A  A 

4185.  82 

8 

4124.  06 

5 

4186.  40 

Q 

o 

4124.  35 

II 

6 

4187.  79 

II 

8 

4125.  06 

II 

220 

4189. 52 

II 

2998-26861 

5 

h 

4126.15 

II 

4 

4190.  64 

II 

22 

/I  T  A  A     T  C 

4129. 15 

II 

5U 

c 

/IT  m  /A 

4191.  62 

30 

4130.  77 

II 

4 

c 

4192.  50 

\\ 

15 

c 

4132.23 

II 

1649-25842 

5 

4194.  62 

II 

18 

4133. 62 

II 

5 

c 

4195.52 

II 

3.0 

4137.16 

5 

4195. 96 

3.0 

4138.19 

10 

4196.  79 

2.5 

h 

4140.32 

3.0 

4197.10 

130 

c 

4141. 26 

II 

4437-28578 

2.0 

4197.  29 

6 

4142. 00 

II 

26 

4201.18 
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Praseodymium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

SpG  C  — 

t  rum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Energy 
Levels 
in  K 

10 

c 

4201.  53 

II 

11 

4276.19 

II 

220 

c 

4206.  74 

4437-28202 

11 

4278.  04 

11 

4207.  81 

8 

4278.  99 

II 

44 

4208.  31 

1744-25500 

42 

c 

4280.  11 

TT 

28 

4211. 86 

70 

c 

4282. 44 

TT 

4437-27782 

1       1   ^     1                 £—11     \J  Cm 

4 

4213.  26 

II 

4 

4285.  54 

16 

4213.  57 

4 

4286.  98 

5 

4213. 96 

1744-25468 

4 

c 

4288  46 

11 

he 

4216.  04 

JT 

7 

4289.  42 

TT 

7 

4217. 19 

TT 

11 

4289.  89 

TT 

28 

4217.  81 

II 

5 

4290.  40 

II 

14 

4219.  65 

5 

4290.  99 

1649-24947 

340 

4222.  98 

442-24115 

7 

h 

4291.  63 

8 

4223. 51 

J  J 

10 

c 

4293.  14 

JT 

340 

4225.  33 

J  J 

0-23660 

12 

4293. 58 

J  J 

14 

h 

4225.  54 

I 

14 

c 

4294. 70 

II 

8 

c 

4228.  50 

8 

4295.  11 

8 

c 

4229.  10 

Yi 

100 

4297.  76 

n 

0-23261 

6 

4229.  80 

/I  n 
40 

c 

4298. 92 

J  J 

8 

4230.  67 

9 

c 

4302. 10 

J  J 

3403-26641 

28 

4233. 13 

II 

26 

4303.  59 

II 

28 

c 

4236.  21 

1649-25249 

130 

4305. 76 

442-23660 

12 

4236.  64 

{J 

10 

4306.  08 

6 

4237.  01 

4 

4307. 67 

J  J 

6 

4238.  35 

9 

c 

4308.  89 

jj 

24 

4240.  03 

II 

7 

4311. 10 

II 

85 

4241.  02 

4437-28010 

4 

4311. 92 

15 

c 

4241.  30 

\\ 

7 

4315. 52 

30 

4243.  53 

3403-26962 

7 

4316.  06 

J  J 

6 

4245.  46 

JT 

4 

4317. 05 

J  J 

6 

4246.  15 

II 

8 

4317.  84 

II 

75 

c 

4247.  66 

442-23978 

10 

4319.  00 

JJ 

8 

4249.  08 

5 

h 

4320.  17 

8 

4249.  48 

TT 

2998-26524 

19 

4323. 55 

J  J 

5079-28202 

17 

4250.  40 

TT 

5 

4328.  20 

14 

c 

4251. 49 

II 

16 

4328.  42 

II 

6 

4253.  03 

14 

4328.  99 

JJ 

44 

4254.  42 

5079-28578 

24 

4329.  42 

1744-24835 

12 

c 

4261*  80 

TT 

3403-26861 

5 

4330.  44 

17 

4262.  31 

TT 

5 

4331. 29 

JJ 

8 

4262.  80 

II 

5 

4333.15 

II 

8 

4263.  15 

120 

4333. 91 

JJ 

1649-24716 

24 

c 

4263.  81 

\\ 

2998-26445 

8 

4334.  62 

9 

4267.  78 

TT 

18 

4335.  75 

J  J 

28 

4269.  10 

II 

32 

4338. 69 

JJ 

3403-26445 

14 

4271. 76 

n 

6 

4339.  68 

JJ 

70 

c 

7 

c 

4342  81 

8 

c 

4275.  17 

4 

4343.  89 

4275. 32 

55  cw 

4344. 33 

8 

4275. 82 

4 

4346. 89 
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P  raseody  mium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

bpec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
in  K 

^  c 

4347.49 

II 

3403-26398 

10 

4432.34 

II 

J  u 

4350.  40 

2  0 

4434.  85 

100 

n'lc.-s  oc 

H^JX. 03 

1  744  —  9471  A 

8 

447«  1 B 

40 

'ijDH,  vx 

:i 

5 

c 

HHt-'t.  UX 

y  y 

/i-inc;  19 

t  JDU.  X7 

A 

jy 

*T 

4357. 50 

II 

8 

4446.99 

II 

4359.11 

65 

4449.  87 

II 

1649-24115 

36 

c 

-3  7.  O  U 

7 

c 

HH_^U.  t.X 

4 

HjJDX.  /lO 

12 

44'il  9R 

HtlJX.  7ZJ 

y  y 

4 

4'^AI 

H-^DX, 

44^4  "^fi 

y  y 

449  — 9988A 

9 

4362.  98 

II 

12 

4454.  70 

II 

9 

4363.  22 

8 

h 

4458.34 

II 

4437-26861 

110 

6 

h 

44A1  99 

T""  UX  «  C  / 

8 

4'^7n  fin 

9 

4465  98 

TT 

4'^71  AT 
1 X.  ox 

,y 

85 

44A8  71 

y  y 

1  744  —  941 1 

7 

4373.  82 

II 

2  0 

4469.  66 

1 1 

J.  X 

4374.  41 

5 

4472.  93 

II 

J»  -J 

4-^79  "xn 

HJ  1  /. 

5 

447"^  84 

5079  —  97495 

10 

12 

c 

4477  9A 

y  y 

1  A49  — 9'?978 

1  4 

4'^R9  49 

3  0 

448*?  49 

y  y 

t; 

-J 

4  0 

448^;  ^4 

•t*tO_3.  ^H 

1  n 

X  u 

4'^P4  1  4 

H J?  OH.  X  H 

2  5 

44137  89 

y  y 

442  —  9971  8 

7 

Qf) 

H^OH.  OU 

6 

4488  17 

y  y 

3.5 

d 

5 

c 

44Q?  4"^ 

y  y 

•^403  —  9^A57 

4"^^!^  4fi 

HJOU.  to 

3  0 

d 

44QP  Q'^ 

y 

*T*T  7  ^«   X  ^ 

y  y 

9998  —  9^949 

t.770  L.JL.^/ 

4 
*t 

4391.  51 

II 

4395.  01 

3  0 

4493. 71 

II 

16 

A^QC,  79 

■^40'^  — 9A1  4A 

3.0 

4494  1 9 

•Tt  /H.  X  7 

24 

95 

44gA  4"^ 

y  y 

AAO _99A7R 

/I.  3 

:|| 

3  5 

4c;ni  8*^ 

H J  UX .  0^ 

y  y 

'^40'^  —  9'nAl  0 

-J 

4398.  27 

II 

4504.59 

II 

±  D 

4399.  33 

70 

4510. 16 

II 

3403-25569 

8 

44nn  fT^ 

2.0 

4R1  A  4A 

7 

18 

c 

4R1  7  An 

H_JX  /  .  OU 

y  y 

449  —  99';71 

u 

HHU^,  i-O 

5 

4^9n  78 

H\JL.  U.  /  O 

y  y 

4403.  61 

II 

5079-27782 

4531. 09 

II 

9 

4405.  15 

JJ 

30 

4534.  15 

II 

5079-27128 

38 

44rm 

44*^7  —971  9R 

30 

4C'2C  90 

0  —  9904(1 

6 

44nA  A7 

5 

h 

AK-iO  99 

J  J 

X  _^  u 

44nB  R4 

TT 

n  — 99A7^ 

U  —  ceo  1 D 

A 

4R49  R4 

y  y 

7 

h 

4412.16 

II 

2998-25657 

2  5 

4543. 97 

II 

^  D 

4413.77 

1744-24394 

7 

4548.  54 

II 

7 

441 4  4n 

id 

3.5 

4t;49  84 

14 

4417.  UD 

2.  5 

4RRn  DA 

y  y 

i;99A_97i  98 

17 

Z141  Q  A7 
HHi  7.  D  / 

3.0 

4R^n  Rft 

*T     u«  00 

y  y 

1  A49  — 9'?A1  7 

14 

c 

4421. 23 

2998-25610 

6 

4552. 26 

jl 

2.0 

4474  18 

18 

4563. 13 

14 

4424.  60 

2.0 

h 

4568.  55 

5079-26962 

110 

c 

4429.  24 

2998-25569 

6 

h 

4570.  57 

1744-23616 

2.0 

4431.  89 

2.5 

4571.  61 

255 


Praseodymium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spc  c  — 
tru.rn 

Energy 
Levels 
m  K 

2.0 

4572.13 

I 

6 

d 

4755.  98 

6 

h 

4576.  3^: 

T  T 
II 

34U3  —Zbd^y 

4756. 13 

T  T 

II 

5 

h 

4578.14 

II 

2998-24835 

7 

c 

4757.94 

II 

6414-27425 

4592.15 

II 

9 

4762.  73 

II 

3403-24394 

2.  5 

4593.  93 

II 

6 

c 

4765.  22 

II 

2998-23978 

2.5 

4595. 87 

II 

5108-26860 

1.8 

c 

4775.17 

I 

6 

4596.  95 

T  T 

II 

2.  5 

c 

H/i'i.  20 

T  T 

II 

7660  —  28578 

2.0 

4598.  95 

I 

10 

4783.35 

II 

2998-23898 

^.  u 

4600.39 

II 

1.4 

4788.  28 

I 

2.0 

4603. 81 

I 

1.2 

4799.  94 

II 

1744-22571 

3.5 

h 

4606.  45 

II 

8 

4801.  15 

II 

3893-24716 

12 

4612.  07 

T  T 

II 

0  —  21676 

2.  5 

/I  o  n  o  in 

4o0o.  19 

I 

2.0 

4617.  73 

I 

4 

4814.34 

II 

8958-29724 

4618.  01 

II 

8 

4822.  98 

II 

3.0 

4627.05 

II 

3893-25500 

3.0 

4827.  25 

I 

24 

c 

4628.75 

II 

442-22040 

3.5 

c 

4832.  07 

II 

12 

4632. 28 

I 

4 

c 

A  oil     Ci  A 

4o3  /.  U4 

T  T 
II 

12 

4635. 69 

I 

3.5 

4839.  54 

II 

4098-24755 

lb 

4639.  56 

I 

2.5 

4840.  74 

I 

7 

4640.  21 

I 

1.0 

4845.  97 

I 

10 

c 

4643.  51 

II 

3.5 

c 

4848.  55 

II 

12 

4646.  06 

T  T 

II 

1744  —  23261 

3.  0 

4o53. 6o 

I 

5 

4646.99 

I 

2.0 

4857.37 

I 

1 0 

c 

4651.  52 

II 

1649-23141 

1.4 

4858.  59 

I 

2.5 

4658.  09 

II 

2.5 

4859. 04 

II 

3403-23978 

3.0 

4658.  73 

I 

5 

4865. 24 

II 

6414-26962 

5 

h 

4660. 92 

I 

2.  U 

4o6y.  33 

T 
1 

12 

4664. 65 

II 

3403-24835 

3.0 

4876.26 

II 

5108-25610 

c 

4672.  08 

II 

1744-23141 

8 

c 

4877.  82 

II 

3403-23898 

5 

4678.17 

II 

4098-25468 

1.0 

c 

4879.12 

II 

5079-25569 

3.5 

4679.11 

II 

5079-26445 

2.5 

4882. 25 

I 

5 

c 

4684.  94 

II 

1.  2 

A  OO  A  A 

T 
I 

16 

4687. 81 

I 

2.5 

4886.  05 

II 

5108-25569 

4695.  77 

I 

5 

4890.  26 

II 

5 

4707.  54 

II 

1649-22886 

4 

4896.14 

I 

6 

4707.  94 

II 

442-21676 

2.5 

4901.48 

II 

7806-28202 

6 

4708. 16 

T  T 

II 

lU 

/I  on  ^   Q  o 

T 
I 

12 

4709.  52 

I 

5 

4912.  63 

II 

7660-28010 

Q 
O 

4713.10 

I 

12 

4914.03 

I 

8 

4714.15 

I 

2.0 

4915.42 

I 

5 

4728.  63 

II 

1744-22886 

18 
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Praseodymium  —  All  Observed  Lines 
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RHENIUM 

Re,  Z=75,  M=  186.22,  Ratio  ^=2.931 

Cu 

Re  I   Normal  state  of  valence  electrons  5c?^  Gs^  ^82^=0.    I.P.  =  63530  K 
Re  II  Normal  state  of  valence  electrons       6s^  ^83  =0. 
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Relative  intensity  of  rhenium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 
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Rhenium 


—  All  Observed  Lines 
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Rhenium  —  All  Observed  Lines 
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Rhenium 


—  All  Observed  Lines 
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4 
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I 
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I 
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6 
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I 
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11755-49286 

14 

c 

2594.  85 

I 

11584-50110 

6 

2664.  22 

I 

15770-53294 

16 

2595.  23 

I 
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15058-52373 
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I 
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I 
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26 
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12 

2683.  56 
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b 
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14352-52677 
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h 
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I 

16307-53467 
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h 

2690.  79 

I 

10 

2613. 74 
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7 
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J 
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I 
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c 
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I 
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2712.48 

14621-51477 

13 
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8 
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1 6307  —  521  22 
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17331-54177 

4 

2793.  66 

I 

120 

2715.  47 

I 

11754-48570 

9 

2798.  10 

I 

17331-53059 
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2722. 70 

I 
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2812. 36 
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5 
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13826-49250 
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11 
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14217-49573 
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J 
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I 

14621-49896 
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16307-52741 

18 

2837.  55 

I 

22160-57391 

13 

2747. 44 

I 

11584-47971 

18 

2840.  35 

I 

13826-49023 

7 

2752. 85 

11584-47899 

20 

2843.  00 

15770-50934 

12 

2753  05 

J 

1  4621  —50934 

g 

2844  16 

11584  —  46133 
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2753.  64 

II 

19140-55444 

9 

2846.  97 
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5 

2755.  21 

I 

13826-50110 

24 

2850.  98 

I 

11584-46649 

5 

2757.  49 

I 

8 

2852.  84 

I 

17331-52373 
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14621-50869 
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14217-49171 
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2860  25 

14621-49573 
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I 

11584-47780 
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I 
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I 
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I 

14217-49028 

18 

2766.  39 

27130-63268 

5 
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15058-49863 

28 
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I 

11754-47860 
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I 
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I 

16307-51028 
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I 
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2883.  44 
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17238-53288 
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{ 

23956-58619 
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2777.  71 

{ 
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10 
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8 
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14218-50197 

260 

2887. 68 

11754-46374 
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14217-50159 
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15058-49583 

15 

2995. 40 

J 

30560-63935 

44 

J 

_J  u  u 

C//  7.  OU 

X  X  / -JH  H-_JUOJ? 

3.  0 

2898.  79 

I 

20482-54969 

32 

3001.  14 

I 

14621-47932 

75 
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I 

17331-50401 
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3030.  45 

I 

14217-47206 

11 

2925.  20 

I 

26661-60837 

6 
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6 
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J 
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6 
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c 
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16 
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I 
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I 
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24 
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13826-46733 

6 
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14217-47102 

12 
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6 
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I 
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10 

3044.  08 

I 

15058-47899 

6 

2946.  57 

I 

20482-54410 

24 

3047.  25 

I 

28030-60837 

11 

2949.  09 

J 

17331-51230 

10 

3053.  63 

21775-54514 

6 

OQAQ  88 

X  ^ 

"^054  9n 

1 1 1^84  —44*^09 

XXJOn  *tH^U7 

12 

2950.  83 

I 

11584-45463 

9 

3057.  66 

I 

16327-49023 

11 

2954. 34 

I 

13826-47665 

20 

3058.  78 

I 

13826-46509 

12 

h 

2957.  91 

II 

23341-57139 

13 

3060. 32 

I 

16619-49286 

13 

2961. 74 

{ 

14217-47971 

10 

3061.  61 

J 

22160-54813 

24 
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7 
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6 
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I 

22160-55901 
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I 
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65 
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I 

14217-47932 

32 

3069. 94 

I 

11584-44148 
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I 

11754-45463 

26 
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I 

16619-49171 

8 

2967.  25 

16619-50311 

20 

3072.  96 
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9 
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8 

2968.  98 

II 

10 
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I 
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7 
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I 

17331-50934 

55 

3082. 43 

I 

14217-46649 

11 

2975. 25 

I 

19458-53059 

18 

3084. 21 

I 

15770-48184 

28 

2976.  29 

0-33589 

9 

3087.  15 

{ 

14621-47004 

6 

2977.  30 

I 

16619-50197 

34 

3088.  76 

11584-43950 

19 

2978.  15 

16327-49895 

11 

3089. 94 

22160-54514 

20 
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11584-45122 

20 
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13826-46141 

6 
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20 
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15058-47358 
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10 
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I 
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15 
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70 
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7 
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70 
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I 

14217-46374 

8 

3248.  55 

16327-47102 

34 
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14217-46353 

15 
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1  d 
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ou 

3t3o.  03 

1 A797  A700A 

103^  /  — H / UUH 

JH  C 
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3t37,  3D 
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9n 
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1  CI  AA     /I  CQl  7 
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7 
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I 

15770-47780 

12 
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J 

17331-47971 

7 
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12 
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I 
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I 
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25 
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33 
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I 
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8 
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I 
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28 
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I 

14621-44901 
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^H 
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D 
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JC 
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9Q 
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14 
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I 
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8 
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I 
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22 
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8 
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J 
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Q 
0 
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^H 
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ID 

771  R  A7 
3310,  0  / 

130tO  —  H373U 

7 

3182.  66 

I 

19458-50869 

60 

3322.  48 

I 

11754-41844 

60 

3182.  87 

18950-50359 

7 

3324.  93 

16307-46374 

Tin 

iiU 

"^1  RA  7A 
JlOt.  /O 

I073U  —  3U^H1 

on 

7771  C,0 
JJjl,  DC 

■ 

1  A91  7  — AA99C 
IH^l  /  — HHt^3 

Tin 

"^1  Qc;  m 

^1  oD,  D  1 

1073U  —  Dujjj 

1  A 
1 0 

777c  7A 
3333,  30 

1  1  CBA  — Al  CC7 
1130H  —  H133/ 

1  9 

-Jl  06.  9Q 

979AA  —  c;ftAl  Q 
L.  1  tHH  —  3001  7 

9nn 

7770  TO 
3330.  10 

- 

9nAAfi  —  Cn7QA 
tUHHO  —  3U370 

15 

3190.17 

I 

16328-47665 

14 

3339.  68 

I 

17238-47173 

26 

3190.  78 

17238-48569 
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3342. 24 

20448-50359 

9A 
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jlyc,  JO 

1  AA91  —  A^Q'Kl 
IHOcl — H37^ / 
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ou 

77AA  79 
33HH. jC 
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2.  5 

5431. 90 

39656  —  58061 

5 

c 

4565.  30 

\ 

15166-37064 

1  /I 
1.  4 

5437.  03 

\ 

22423-40810 

12 

4580.  68 

I 

11584-33409 

1  /I 
1.  4 

5447.  92 

I 

15058-33409 

2.5 

4591. 68 

on/ioo  /looc/i 

20482  —  42254 

2.5 

n  yi  /  n     /  /I 

5460.  64 

in/ico  L 

12 

4605. 73 

14217  —  35923 

T  /I 

1.  4 

n 

C  C  0  n  AC 

5520.  05 

oonon  /i/i/n 

28030  —  46141 

2.5 

cw 

/I  /  T    /I       /  / 

4614.  66 

17331 —38995 

2.5 

c  c  0 1  in 

bb21. 10 

ooc/io  ^/z./in 
28542  —  46649 

10 

4621.38 

I 

21775-43408 

5 

c 

5532.  68 

I 

21775-39845 

2.5 

h 

4625. 96 

15770  —  37381 

5 

c 

c  r*  /  0    0  yi 

5563. 24 

14621  —32592 

8 

c 

4630.  82 

16327-37916 

2.5 

5573.  47 

17331-35268 

9 

4652.  33 

14434-35923 

2.5 

5584.  72 

16619-34520 
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Rhenium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1  0 

h 

5(=if)7  ?1 

2751  4  — 45343 

8 

A35n  75 

y 

289^2  —44703 

1  2 

h 

5612. 27 

I 

1  6 

X  «  w 

h 

6382. 94 

I 

29800-45463 

10 

5667.  88 

15770-33409 

1  4 

X»  T 

6411.47 

26661-42254 

2.5 

571 1  43 

#  X  X  « 

22423  —  39927 

5 

ft5n  47 

vJ     X  X*  "  / 

J 

1  7238  —  32592 

1.8 

571^1  95 

2f>661  —441  48 

1.4 

f)51  5  25 

y 

305^0  —  45904 

11 

c 

575?  93 

1 1  584  — 289f>2 

1  2 

X  •  £- 

A544  91 

y 

22423  —  37(^98 

11 

X  X 

511b,  83 

I 

11584-28890 

3  5 

c 

6577.  11 

I 

28854-44054 

1  8 

X  •  u 

5791. 60 

J 

16327-33589 

4 

rw 

6592.  52 

28890-44054 

1.0 

C 

581 5  92 

1  7331  —  34520 

10 

cw 

fi^505  19 

1  382^1  —  289^2 

55 

5834  31 

1 1754  —  28890 

3.0 

c 

6^23  91 

^«  y X 

y 

289^^2-44054 

1  0 

5919  8^5 

^  /X  / •  \J\J 

P4425  — 41  31  3 

1  0 

X  «  w 

^^^^37  25 

y 

A 

5943. 24 

I 

15770-32592 

3  0 

rw 

6652. 39 

I 

13826-28854 

1  0 

Xa  U 

5950.  21 

28542-45343 

1  6 

X  •  »J 

h 

6683. 28 

22423-37381 

1.8 

h 

J 

—43408 

1.0 

C 

^71 1  30 

U  /  X  X  •  J\} 

J 

1 7A95  —32592 

1.0 

KQDQ  QQ 
_^  y  o  7  «  /  / 

y 

231  55  —  39845 

3.5 

y 

h 

11 

J 

271  41  —4381  5 

0  6 

ATAI     1 Q 
U / UX  a  X  7 

y 

20482  — 352Aa 

3  0 

6114.  22 

I 

17238-33589 

20 

6813.41 

I 

14217-28890 

3  5 

n 
\^ 

6145.  81 

J 

27141-43408 

28 

6829.  90 

14217-28854 

5 

^1 4^1  a? 

1  A327  — 32592 

10 

AQ71  53 

1  4A21  —289^2 

1.8 

^)?n3  74 

y 

1  ^;327  — 32444 

4 

cw 

700^1  f>3 

y 

1  4f)21  —28890 

-J 

A?i 7  Q7 

J 

1  7331  —33409 

a 

^  w 

7024  1 5 

y 

1  4fi21  —28854 

W 

6229.  42 

I 

28854-44903 

a 

PW 

7246.  67 

I 

15058-28854 

^  5 

OVJ 
W 

6243. 24 

28890-44903 

1  6 

X*  u 

PW 

7292. 72 

28890-42598 

3.5 

d 

tJ    O  VJ«  u  ^ 

5 

CW 

7578  73 

1  5770  —  289^2 

y 

1.6 

1  89 

/  ux  X •  tj  y 

y 

1  9458  —  32592 

1.8 

c 

A?71  37 

y 

289^i2  —  44903 

0.  8 

cw 

7A20  25 

y 

1  5770  —  28890 

1.8 

6278.  76 

I 

21775-37698 

6 

cw 

7640.  94 

I 

15770-28854 

1.0 

6286.  41 

27141-43044 

8 

cw 

7912.94 

16327-28962 

1.0 

6303. 42 

26132-41992 

4 

cw 

7980.  77 

16327-28854 

20 

6307.  70 

28854-44703 

5 

8417.13 

11754-23632 

20 

6321. 90 

I 

28890-44703 

3.5 

cw 

8527.  73 

I 

17238-28962 
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RHODIUM 

Rh,  Z=45,  M=  102.91,  Ratio  1.620 

Rh  I  Normal  state  of  valence  electrons  4(i«  5s' *F4j4=0.  I.P.=  60197  K 
Rh  II  Normal  state  of  valence  electrons  4(^«  =0.    I.P.  =  145800  K 
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Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

H.  Kayser  and  R.  Ritschl,  Tabelle  der  Hauptlinien  der  Linienspektren  aller  Elemente 
(Julius  Springer,  Berlin,  1939). 

Classification : 

Rh  I,  J.  P.  Molnar  and  W.  J.  Hitchcock,  J.  Opt.  Soc.  Am.  30,  523  (1940). 
Rh  II,  F.  J.  Sancho,  Anales  Real.  Soc.  Esp.  Fis.  y  Quim.  54A,  41  (1958). 


Relative  intensity  of  rhodium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  rhodium 


Strong  lines  of  rhodium 


Intensity 


Wavelength 
A 


Spectrum 


Energy  levels 
K 


Term  combination 


800 

3692. 

36 

750 

3528. 

02 

700 

3434. 

89 

700 

3657. 

99 

650 

3700. 

91 

500 

3462. 

04 

500 

3502. 

52 

500 

3597. 

15 

500 

3856. 

52 

480 

3396. 

85 

420 

3799. 

31 

400 

3470. 

66 

400 

3474. 

78 

400 

3583. 

10 

400 

3596. 

19 

360 

3323. 

09 

360 

4374. 

80 

0-27075 
1530-29866 

0-29105 
1530-28860 
1530-28543 

2598-31474 
0-28543 
3310-31102 
5691-31614 
0-29431 

5691-32004 
3473-32277 
3473-32243 
1530-29431 
2598-30397 

1530-31614 
5691-28543 


5s  a  *Fii^ — 5p  z  ^D5>^ 
56  a  *F3H— 5p  z  *F|h 
5s  a  *F^^ — 5p  z  *Gl^ 
5s  a  ^Fsj^ — 5p  z  ^Dj^ 
5s  o  ^Fs^ — 5p  z  *Gi>j 

5s  a  ^FjH — 5p  z  ^Y\y^ 
5s  a  <F4j^ — hp  z  ^Glj^a 
4^9  a  2D2H— 5p  2  'GsH 
5s  a  2F3>^— 5p  z  2GSh 
5s  a  ^F^y, — 5p  z  *FSh 

5s  a  2F3H— 5p  3  ^FsH 
5s  a  <FiH — 5p  z  *Fl^ 
5s  a  ^F\y, — hp  z  ^GjH 
5s  a  <F3>i — hp  z  *F5^ 
5s  a  ^F2H — 5p  z  *Dfi^ 

5s  a  *F3H— 5p  2  2G|h 
5s  o  ^Fs}^ — hp  z  *Gl)^ 
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Rhodium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Energy 
Levels 
in  K 

1.  o 

tLd  lb. 

T  T 
I  1 

0PQ7I^      71  7C;Q 
£.00  JO  —  1  LJOy 

o  n 
2.  U 

OAQO  riA 

1.  6 

2288.  57 

2598-46280 

4 

2483.  33 

I 

3473-43729 

1.  6 

2309.  82 

I 

3473-46753 

12 

2487.  47 

1.  u 

^Pi.O,  JO 

C /LQT        /I  QQl  1 

!3b7l  —  4ool  1 

Q 

o 

0  /I  Q  n  77 

247U.  /  / 

T  T 
I  1 

Iboob  —  D  /U21 

i.  o 

CAQl  /1Q7QQ 
!3b7l  —  4C3  /  7d 

o  c 
2.  D 

O/IQO  7n 

T 
1 

77in  /I7/101 

jjlu  —4^421 

^          i.  D 

1  t;7n 

D  n 

OAQA  CI 
^474.  Dl 

6 

2322.  58 

J 

0-43042 

1.  2 

2499. 02 

2.5 

2326.  47 

3310-46280 

3.  0 

2500. 58 

1  /I 
i.  4 

CjLO, 

7701   c;n701 

/  /  7l  —  _)U  1  C.L 

1  n 
lu 

oc;no  AA 

T 

1 

7A77  A7A01 

yi 

C!>J'\,  1  1 

T  T 
I  1 

1  AQQR  c;Q7no 
IbooD  —  37/U<i 

1  0 

1.  ^ 

oc;n7  QA 

^DU^.  04 

T  T 
1  1 

OnAA7  AnC77 
<lUb4  /  —  bUD  /  J 

i.  c. 

0/1 
£4 

Oi^DA  OQ 

1.  4 

2352. 47 

I 

0-42495 

3.  0 

2505.  10 

II 

19792-59699 

1.4 

2359.  18 

1530-43905 

12 

2505. 67 

I 

2598-42495 

Q 

o 

n    /10  70  c; 

0  Q 

oc;nQ  7n 

T 
1 

■JCQQ  A0A71 

7/177  AI^  AQ7 

^ 4  /  J  —  4 jbo^ 

4 

OR! n 
^Diu.  bb 

T  T 
1  1 

1  Qt;An  c:Q7c;Q 

10D4U  —  OOjDO 

iU 

01Q0  QQ 

cioc,  (yi 

n    /ii  Qi;7 
U  —  417DJ7 

OA 
^4 

OCLl  1  07 

8 

2383.  40 

6 

2513.  36 

1.4 

2384.  65 

7791-49713 

16 

2515.  75 

1 

3310-43048 

iU 

^^ob.  14 

lU 

ocon  c;7 

T  T 
1  1 

1  AQQc;  c;ac;a7 

IbOoD  —  Db_)4/ 

A 

4 

c'\\i  1 ,  oo 

1  t:7n  /I7n/IQ 

1  n 
1.  u 

ococ;  QQ 

C.Dc.0.  77 

T 

QOOl  _  AQ7QQ 

yddi —  HO / 70 

1. 

o  /I  no  1  Q 
^:4Uo.  l7 

ICTn  /17n/l0 
13 —  4^U4^ 

1  n 
1.  u 

0t;71  7A 

T 
1 

c  AQl   At;!  7Q 

Db7l —  HDl 1 o 

1.2 

2410.  25 

J 

3310-44787 

4 

2532.  66 

4 

2415.  84 

II 

19793-61173 

1.0 

2533. 59 

3.  U 

^41o.  b4 

4 

0C7A  n7 

0  /n  Q  7  c; 

7/177  /1/17Q7 
^4  1  J  —  44 / O / 

Q 

7 

0C7A  71 
C-DjO,  /I 

^.  b 

0  /I  o  n  1  Q 
i:4^U.  lo 

T  T 
1  1 

77B/1C;     7t;i  CO 

Q 

0t;77  HA 
CZ)J  1 ,  UH 

T  T 
1  I 

7A0  A7  —  I'K^HI^ 
j'^c.HJ  —  /  J  OHO 

3.5 

2420.  98 

II 

20647-61940 

2.  5 

2539.  72 

5 

2423. 94 

3.  0 

2544. 22 

n 

4 

242  /.II 

T  T 
1  1 

1  QC/l  n  t;Q70Q 
lt5l34U  —  D7  /  ^7 

OQ 
L.O 

on^Ac;  7n 

^L)4_).  /U 

o 
o 

242  /.  bo 

OCQQ  /17777 
^Dvo  —  4^ /  /  / 

1  n 
1.  U 

C.DHO.  bu 

14 

O  /I  O  CO 

2427.  32 

7/1  77      /I  /I  ^.Ol 

^4  /  J  —  44b21 

A  A 
44 

o cc c;  7 A 

T 
1 

771 n  —  A0A71 

2.5 

2431.  85 

II 

21180-62288 

2.0 

2558.  62 

2.  5 

2432. 66 

I 

5658-46753 

4 

2565.  79 

I 

5658-44621 

i.  ^ 

0/17  7  no 

77Q1      ZlQQl  1 
/  /  7l  —  4C30ll 

7  t; 

T 
1 

JH  1  J  HL.HJX 

o 
O 

o /1 7 7  on 
243  /.  oU 

0  n 

oi;aa  qo 
^Dbb.  7^ 

T  T 
1  1 

7Q AQ7  _  77A77 
^ODO / — / / Ojj 

O  /I 

24 

244U.  34 

ic7n  /lo/iQC 
1d3U  —42473 

4 

oc;a7  or 
^Db  1 ,  C.O 

4  h 

2444.  27 

2.  0 

2574.  66 

5 

2448.  84 

2598-43421 

2.  0 

2575. 75 

I 

14788-53600 

4 

0 /I  /I Q  n/1 
2447.  U4 

I3b7l  —  4b3ll 

1  n 
1.  u 

Oc;7A  07 
1  O,  C.J 

O 

o  /I  c  n  c  ^ 
24dU.  bb 

7  n 

o^ai  OQ 

^DO  1 ,  dy 

T  T 
1  X 

074'^Q  —  AADTR 

2.  5 

o /I  c c  7n 

T  T 
1  1 

2Ub4  /  —  OLJOo 

0  i; 

Oc;qQ  n7 

<1  _3  7  O.  U  / 

5 

2458.  90 

II 

19792-60448 

2.  5 

2603.  32 

II 

32605-71006 

7 

2461. 04 

II 

18540-59161 

6 

2606.  44 

II 

41045-79399 

2.  5 

2463. 61 

£. 
D 

OA! 7  An 

^bi^.  bu 

6 

O  /I  7  n  Q 

24  /U.  37 

771  n      /I  7777 
J^IU  — 4^ /  /  / 

1  '0 
1^ 

OAOO  cifi 

T 
1 

CACQ  _ A7777 

7 

O  >1  7 1      /I  7 

24  /I.  4  / 

OCQQ  /17n/lQ 

2D70  —  4^U4o 

1  Q 
10 

OAOc;  QQ 

T 
1 

CACO  _ A770Q 

2.5 

2472. 51 

8 

2630.  42 

I 

2598-40603 

1  n 

iU 

0/177  nQ 

C.H  1  J.  U  7 

3  0 

1.2 

2475.  64 

II 

31130-72112 

2.5 

2638.  74 

II 

34243-72128 

1.2 

2477.  54 

6 

2643.  00 
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Rhodium  —  All  Observed  Lines 


Intensity 
and 
Character 

"Wave- 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Char  acte  r 

Wave- 

len  crth 
in  A 

Spec- 
trum 

Ene  rgy 
Levels 
in  K 

9 

2647.  28 

I 

5658-43421 

2.  0 

2904.  81 

14382-48798 

32 

2652.  66 

I 

2598-40285 

13 

2907.  21 

J 

2598-36985 

2.  5 

2659.  01 

I 

1530-39127 

5 

2910.17 

II 

25377-59729 

2.5 

2671. 06 

I 

3473-40900 

6 

2912.  62 

I 

5658-39981 

5 

2676. 11 

I 

5691-43048 

7 

2915.  42 

I 

5691-39981 

2.  0 

2680.  28 

2.  5 

2923.  10 

9221-43421 

8 

2680.  63 

I 

3310-40603 

14 

2924.  02 

J 

2598-36787 

2.  5 

2681.  78 

I 

14788-52065 

10 

2929.  11 

I 

5658-39788 

2.5 

h 

2686.  50 

10 

2931. 94 

I 

5691-39788 

2.5 

h 

2686.  91 

2.  5 

2955. 41 

I 

9221-43048 

4 

2694.  31 

3473-40577 

18 

2968.  66 

3310-36985 

32 

2703.  73 

J 

3310-40285 

2.  0 

2974.  03 

J 

11006-44621 

3.  0 

2705.  63 

II 

25377-62326 

13 

2977.  68 

I 

5658-39231 

3.  0 

2707.  23 

I 

2598-39525 

36 

2986.  20 

I 

3310-36787 

6 

2714.  41 

I 

11968-48798 

7 

2986.  99 

I 

5658-39127 

8 

2715.  31 

II 

25377-62194 

4 

2987.  45 

10313-43777 

6 

2717.  51 

0-36787 

9 

3004.  46 

J 

9221-42495 

14 

2718.  54 

I 

5658-42431 

4 

3019.  54 

I 

10313-43421 

5 

2720.  14 

10 

3023. 91 

I 

5658-38718 

2.5 

2720.  52 

I 

13975-50721 

4 

3028.  43 

I 

5658-38669 

13 

2728.  94 

J 

2598-39231 

2.  5 

3045.  77 

J 

3310-36133 

3.  0 

2736.  76 

2598-39127 

2.  5 

3046.  76 

7791-40603 

6 

2741.  75 

I 

9221-45683 

2.0 

3057.  89 

I 

16119-48811 

4 

2767.  73 

I 

2598-38718 

5 

3067.  30 

I 

12723-45316 

8 

2771.  51 

I 

2598-38669 

14 

3083. 96 

I 

1530-33946 

4 

2778.  06 

7791-43777 

2.  5 

3087.  42 

5658-38038 

6 

2779.  54 

J 

10313-46280 

6 

3114.  91 

{ 

3310-35404 

10 

2783.  03 

I 

3310-39231 

12 

3121. 76 

I 

3310-35334 

2.  0 

2791. 16 

I 

3310-39127 

20 

3123. 70 

I 

0-32004 

6 

2796.  63 

I 

11006-46753 

3.  0 

3130.  79 

I 

3473-35404 

12 

2826.  43 

10313-45683 

8 

3137.  71 

3473-35334 

14 

2826.  68 

J 

9221-44588 

4 

3151. 36 

14788-46511 

2.  5 

2827.  31 

I 

3310-38669 

4 

3152. 60 

I 

5658-37369 

6 

2834. 12 

I 

11006-46280 

11 

3155. 78 

9221-40900 

3.5 

2835.  44 

I 

1530-36787 

6 

3179.  73 

I 

7791-39231 

6 

2836.  69 

5658-40900 

7 

3185.  59 

9221  -40603 

4 

2856. 16 

\ 

3473-38474 

12 

3189.  05 

\ 

2598-33946 

4 

d 

2860.  68 

I 

5658-40605 

40 

3191.19 

I 

5658-36985 

2860.  76 

I 

5658-40603 

16 

3197. 13 

I 

2598-33867 

22 

2862.  94 

I 

5658-40577 

6 

3214. 32 

I 

0-31102 

5 

2864.  40 

^ 

3310-38211 

7 

3237.  66 

J 

7791-38669 

4 

2871. 35 

44 

3263.  14 

3310-33946 

2.  5 

2873.  62 

44 

3271.  61 

I 

3310-33867 

9 

2878.  66 

I 

3310-38038 

200 

3280.  55 

1530-32004 

6 

2880.  76 

I 

3310-38013 

9 

3281. 70 

I 

11968-42431 

11 

2882.  37 

9221-43905 

200 

3283. 57 

2598-33044 

6 

2885.  97 

{ 

7791-42431 

24 

3289.14 

{ 

3473-33867 

6 

2889.  11 

1530-36133 

4 

3289.  64 

14788-45178 

6 

2889.  84 

5691-40285 

18 

3294.  28 

12723-43070 

5 

2899.  96 

10313-44787 

4 

3296.  72 

12723-43048 
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Rhodium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 

trum 

m  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

*l"T*n 

Li.  LLXIl 

Energy 
Levels 
in  K 

22 

3300.  46 

I  10313-40603 

750 

3528.  02 

J 

1530-29866 

360 

3323. 09 

I  1530-31614 

75  d 

3538.  14 

I 

5691-33946 

5 

3331. 09 

I        5658  —  35670 

3538.  26 

14788-43042 

4 

3331.  24 

I  9221-39231 

24 

3541. 91 

{ 

11006-39231 

28 

3338.  54 

I  1530-31474 

100 

3543. 95 

J 

5658-33867 

6 

3342.  90 

I  9221-39127 

150 

3549.  54 

J 

3310-31474 

7 

3344.  20 

I  11006-40900 

20 

3564.13 

I 

14382-42431 

5 

3359.  90 

I       13975  —  43729 

100 

3570.  18 

3473-31474 

24 

3360.  80 

I  5658-35404 

400 

3583.10 

J 

1530-29431 

5 

3362.18 

I  3310-33044 

10 

3583. 53 

I 

10313-38211 

36 

3368.38 

I  2598-32277 

400 

3596.19 

J 

2598-30397 

4 

3369.  68 

I  10313-39981 

500 

3597.15 

I 

3310-31102 

95 

3372.  25 

I         2598  —  32243 

26 

O  /  A  C       A  / 

3605.  86 

10313-38038 

9 

3377.14 

I  12723-42325 

260 

3612.47 

\ 

3473-31147 

7 

3377.  71 

I  11006-40603 

20 

3614.  78 

I 

16121-43777 

9 

3385.  78 

I  13521-43048 

17 

3620.  46 

J 

7791-35404 

480 

3396.  85 

I  0-29431 

150 

3626.  59 

I 

9221-36787 

70 

3399.  70 

I        2598  —  32004 

8 

O  /  A  ~7      A  A 

3627.  80 

11968  —  39525 

14 

3406.  55 

I  14382-43729 

26 

3639.  51 

\ 

11006-38474 

70 

3412.27 

I  16018-45316 

30 

3654.  87 

I 

5691-33044 

5 

3420.  16 

I  12723-41953 

700 

3657.  99 

I 

1530-28860 

28 

3421. 20 

24 

3661.  86 

I 

16121-43421 

10  d 

3424.  38 

I  7791—36985 

110 

3666.  22 

2598-29866 

700 

3434.  89 

I  0-29105 

15 

3666.  91 

I 

11968-39231 

120 

3440.  53 

I  16121-45178 

12 

3674. 76 

I 

11006-38211 

3 

3442. 63 

I  14382-43421 

48 

3681. 04 

I 

11968-39127 

10 

3447.  74 

I  7791-36787 

160 

3690.  70 

I 

3310-30397 

5 

3448.  58 

I  14788-43777 

800 

3692.  36 

0-27075 

10 

3450.  29 

I  13521-42495 

5 

3694.  95 

\ 

13521-40577 

5 

3451.  15 

I  3310-32277 

80 

3695.  52 

I 

16018-43070 

34 

3455.  22 

I  3310-32243 

24 

3698.  26 

I 

11006-38038 

5 

3455.  42 

I  11968-40900 

32 

3698.  60 

I 

16018-43048 

15 

3457.  07 

I      10313  —  39231 

650 

O  ~7  A  A  AT 

3700.  91 

\ 

1530  —  28543 

19 

3457.  93 

I  13521-42431 

80 

3713.02 

3473-30397 

500 

3462. 04 

I  2598-31474 

5 

3713.  43 

J 

16121-43042 

15 

3469.  62 

I  10313-39127 

4 

3714.  83 

I 

9221-36133 

400 

3470.  66 

I  3473-32277 

1.4 

3724.94 

I 

11968-38807 

10 

3472.  25 

I  9221—38013 

55 

3735.  28 

{ 

13521  —  4U2o5 

400 

3474.  78 

I  3473-32243 

36 

3737.  27 

11968-38718 

180 

3478.  91 

I  3310-32046 

36 

3744.17 

I 

11968-38669 

8 

3484.  04 

I  3310-32004 

100 

3748.  22 

I 

10313-36985 

7 

3491.  07 

I  11968-40605 

20 

3754.12 

I 

13975-40605 

9 

3494.  44 

I      11968  —  40577 

32 

O  "7  C  /I      A  ~7 

3754.  27 

{ 

13975  — 4U6U3 

100 

3498.  73 

I  3473-32046 

42 

3755.  58 

5658-32277 

500 

3502.  52 

I  0-28543 

85 

3760.  40 

I 

5658-32243 

5 

3505.41 

I  11006-39525 

200 

3765. 08 

I 

5691-32243 

240 

3507.  32 

I  2598-31102 

42 

3769.  97 

I 

14382-40900 

5 

3511. 78 

I  16121-44588 

6 

3775.  72 

16018-42495 

5 

3513.10 

I  13975-42431 

32 

3778.13 

13521-39981 

5 

3519. 54 

I  10313-38718 

85 

3788.  47 

5658-32046 
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Rhodium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Energy 
Levels 
in  K 

110 

3792. 18 

11006-37369 

180 

4135.  27 

5691-29866 

JC.\J 

J  1  y J,  L.C. 

90 

1  979'?  "^^707 

Lc.  1  C.J  —  JO  1  0  1 

420 

3799. 31 

I 

5691-32004 

28 

4196. 50 

I 

9221-33044 

65 

3805.  92 

I 

13521-39788 

6 

4206.  62 

I 

3310-27075 

110 

3806.  76 

I 

2598-28860 

280 

4211. 14 

I 

5691-29431 

4 

3809.  50 

11968-38211 

2.5 

4230.  20 

10313-33946 

p 

o 

•ipn  o  /It; 

xUjIj —  JJOO  I 

40 

3815.01 

I 

16121-42325 

5 

4273.  43 

I 

13975-37369 

65 

3816.  47 

I 

14382-40577 

5 

4278.  60 

I 

11968-35334 

110 

3818. 19 

I 

9221-35404 

70 

4288.  71 

I 

7791-31102 

320 

3822. 26 

J 

7791-33946 

6 

4296.  77 

J 

13521-36787 

0  nn 

C  UU 

^O<io.  to 

Q991  — 

9  n 

A'iAO  AA 
HjHc.,  HH 

Q991  _  ^99/1'^ 

170 

3833.  89 

I 

7791-33867 

4 

4373.  04 

I 

11006-33867 

4 

3834. 75 

I 

11968-38038 

360 

4374.  80 

I 

5691-28543 

500 

3856.  52 

I 

5691-31614 

8 

4379. 92 

I 

9221-32046 

42 

3870.  01 

{ 

16121-41953 

2.  0 

4433. 32 

J 

16119-38669 

o 

JO  1  C, 

dAQ"?  Al 
HHy  C  H  1 

Q991  —  "^1  Al  A 

32 

3811.34 

I 

5691-31474 

2.5 

4503.  78 

I 

14788-36985 

6 

3888.  34 

I 

13521-39231 

2.  0 

4528.  72 

I 

7791-29866 

2.5 

3904.  22 

I 

13521-39127 

1.4 

4544. 27 

I 

14788-36787 

2.  0 

3912. 83 

J 

3310-28860 

3.0 

4548.  73 

J 

11968-33946 

1  u 

JX 

1  ti'^n  —9707^ 

ARRI  kA 

HDZJ  ±  .  OH 

1          —  ■^9977 
J  i.j  —  JC.L.  1  1 

20 

3922.  19 

I 

5658-31147 

1.6 

4560.  89 

I 

16119-38038 

170 

3934.  23 

I 

5691-31102 

1.  4 

4565.  19 

I 

11968-33867 

4 

3934.  98 

I 

14382-39788 

11 

4569. 00 

I 

9221-31102 

42 

3935.  84 

11968-37369 

1.2 

4571. 31 

9  ^ 

dADfi   1 9 

HDUO.  Lc. 

XJ 7  1  D      JDO 1 u 

8 

3958.24 

I 

13975-39231 

1.2 

4619.  91 

320 

3958. 86 

I 

7791-33044 

2.0 

4643.  18 

I 

16944-38474 

4 

3964. 54 

13 

4675.  03 

I 

5691-27075 

32 

3975.  31 

13521-38669 

1.6 

4721. 00 

9221-30397 

^1 U 

aqp/i  /in 

□ 

AlA^    1 1 

77Q1  —  9fiRAn 
1171.  —  ^OoDU 

20 

3995. 61 

I 

10313-35334 

1.  0 

4755.  58 

I 

14382-35404 

32 

3996.  15 

I 

11968-36985 

2.  0 

4810.  49 

I 

27075-47857 

10 

4023. 14 

I 

14382-39231 

1.8 

4842. 43 

I 

9221-29866 

5 

4048.  41 

13975-38669 

4 

4843. 99 

27075-47714 

2 

HO-JX.  Oj 

3.5 

4053.  44 

I 

11006-35670 

5 

4963.  71 

I 

11006-31147 

2.  0 

4056.  34 

I 

9221-33867 

5 

4977. 75 

I 

10313-30397 

6 

4077. 57 

I 

13521-38038 

3.  5 

4979. 18 

I 

11968-32046 

48 

4082. 78 

J 

7791-32277 

1.  2 

5085.  52 

i.  D 

/inp/i  op 

9c;qp  —  9707^; 

D 

7 U .  Oj 

Q991  — 9RRAn 

7  L.LX  ^OODU 

4 

4087. 79 

I 

16121-40577 

2.  0 

5120.  69 

I 

13521-33044 

5 

4088.  50 

I 

7791-32243 

1.  6 

5130.  76 

I 

14382-33867 

12 

4097.  52 

I 

11006-35404 

5 

5155.  54 

I 

11006-30397 

4 

4107.  49 

14788-39127 

1.2 

5157.  09 

{ 

28543-47928 

6 

4116.  33 

14382-38669 

3.5 

5158.  69 

28860-48239 

10 

4119.  68 

16018-40285 

5 

5175. 97 

28543-47857 

90 

4121.  68 

7791-32046 

1.  0 

5177.  27 

32046-51356 

130 

4128.  87 

7791-32004 

3.  0 

5184. 19 

7791-27075 

609065  O  -  62  -  19 
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Rhodium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
m  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Energy 
Levels 
in  K 

8 

5193. 14 

I 

28543-47793 

0.  6 

5907.  31 

I 

16121-33044 

1.4 

u.  o 

i^QT  P  c:a 

1 1 QAD  OQDAn 
iivDO  —  iiOObu 

1.4 

5211.  52 

I 

31102-50285 

0.  6 

5941.  46 

I 

31102-47928 

5212. 73 

I 

11968-31147 

11 

5983.  60 

I 

12723-29431 

1.4 

5214.  79 

I 

28543-47714 

0.8 

5991.  19 

I 

14788-31474 

1.6 

5222. 66 

J 

32277-51419 

3.0 

6102. 72 

I 

12723-29105 

1.6 

U.  0 

OilD.  X_> 

l^Dill  —  /170DD 

4 

5237.  16 

I 

31102-50191 

0.7 

6128.  06 

I 

14788-31102 

n  R 

5237.  80 

0.7 

6186. 89 

I 

16119-32277 

1.2 

5269.  27 

I 

28860-47832 

1.2 

6199. 99 

I 

16119-32243 

0.9 

h 

5280.  12 

I 

31474-50408 

1.4 

6253. 72 

16018-32004 

1.2 

DCy C  It 

XL.  1  C.J  —  JLOXH 

n  A 

OC.  1  0.  DO 

1  A1  1  Q      •^O  riAA 

1.2 

5314.  79 

I 

31474-50285 

0.7 

I 

16121-32046 

-> 

h 

11 

5329. 74 

I 

29105-47862 

0.5 

6293.  38 

I 

16119-32004 

1.2 

h 

5331.  08 

I 

29105-47857 

2.5 

6319. 53 

I 

12723-28543 

0.  8 

5349.  31 

I 

29105-47794 

1.0 

6414. 72 

J 

28860-44445 

11 

^'i.^A  zin 

J  LOLH  —  DKJL.OD 

1  A 
1.  H 

/LCT  n  A^ 

03J.U.  HI 

1  A1  1  Q  _  "^1  A~7A 

2.0 

5356.  47 

I 

31614-50278 

1.6 

6519. 70 

I 

16944-32277 

A 

5379.  10 

I 

31614-50199 

0.  8 

6627. 80 

I 

16018-31102 

8 

5390.  44 

I 

10313-28860 

1.6 

6630.  16 

I 

14788-29866 

2.0 

h 

5404.  73 

29431-47928 

5 

6752.  35 

I 

27075-41881 

5 

h 

^AOA  07 

'yQA'^^  —AiRf^o 

X.  t- 

A7QA  At; 
O /  /D.  OD 

1.6 

5424.  72 

I 

11968-30397 

1.  6 

6827.  33 

I 

14788-29431 

J..  D 

li 

5425.  45 

I 

29431-47857 

1.4 

6857. 68 

I 

29866-44445 

1.0 

5439. 52 

I 

12723-31102 

2.5 

6879. 94 

I 

16944-31474 

1.  0 

h 

5441.  36 

I 

29866-48239 

8 

6965.  67 

J 

12723-27075 

0.  8 

h 

^AAA  "XO 

1  n 

1.  u 

D  y  1  L.,  7 X 

"^1  AlA  —  /IRRI  9 

3.0 

h 

5445.23 

2.  0 

6979.15 

I 

31147-45471 

0  n 

^.  u 

11 

5468.  11 

I 

29431-47714 

2.0 

7001. 58 

I 

16119-30397 

3.0 

h 

5470.  85 

I 

32004-50278 

1.  8 

7038.  76 

I 

16944-31147 

1.  0 

5476.  12 

I 

14788-33044 

3.0 

7101.  64 

I 

30397-44475 

1.0 

C  /I  Ql      /I  0 

71  HA  A^ 

1  A7RR  —  9RRAn 
±n  /  OO  —  ^OODU 

1.4 

5484.  23 

I 

32004-50233 

1.  0 

7142. 55 

I 

31474-45471 

u,  o 

5504.  65 

I 

32046-50208 

1.6 

7219. 06 

I 

16018-29866 

2.5 

5535.  04 

I 

29866-47928 

3.0 

7268.18 

I 

14788-28543 

1.  8 

1 

5544.  58 

I 

29866-47897 

6 

7270.  82 

I 

28543-42293 

14 

ID_)77.  'til 

^ C.LL  —  c.  I\j  Id 

7971 

1  c.  1  L,  vH 

1  AT  1 Q  — 9QRAA 

XOX±7  ^700D 

0.  6 

5607.  71 

I 

33946-16119 

0.  8 

7273.  03 

I 

16121-29866 

5608.  35 

I 

16121-33946 

1.6 

7375.  57 

I 

13521-27075 

0.4 

5632.  77 

I 

16119-33867 

0. 8  h 

7386.  64 

I 

32277-45812 

0.  8 

5659.  62 

I 

14382-32046 

1.6 

7430.  80 

J 

16944-30397 

3.  5 

boob,  io 

LddcL  — ^iiU/i 

J.  u  n 

lAAO  "XQ 

0.  8 

h 

5702.  47 

I 

33946-51478 

1.2 

7446.  77 

I 

32046-45471 

0.5 

5727.  30 

I 

14788-32243 

2.0 

7475.  74 

I 

31102-44475 

2.  5 

5792. 77 

I 

14788-32046 

2.0 

7495.  24 

I 

28543-41881 

0.  8 

5795.  79 

1.  4 

7542. 02 

{ 

36787-50043 

0.  8 

5803.  34 

1.8 

7557. 67 

32243-45471 

3.5 

5806.  91 

I 

14788-32004 

1.4 

7577. 22 

32277-45471 

0.5 

5821. 84 

I 

13975-31147 

1.8 

7690.  05 

31474-44475 

3.0 

5831. 58 

I 

12723-29866 

3.0 

7772. 90 

29431-42293 
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Rhodium  —  All  Observed  Lines 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy- 
Levels 
in  K 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy 
Levels 
in  K 


5 
9 

2.5 
2.5 
3.5 


7791. 61 
7824.  91 
7830.  05 
7846. 50 
8029.  91 


31614-44445 
29105-41881 

16119-28860 
29431-41881 


1.8     h    8036.11      I  32004-44445 


5 

1.2 
2.5 
1.2 
0.  8 

1.4 


h 
h 


8045.  40 
8063.  50 
8136.20 
8193. 63 
8369. 55 

8425.  51 


29866- 
32046- 
14788- 
32243- 
33867 


-42293 
-44445 
•27075 
■44445 
■45812 


33946-45812 
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RUBIDIUM 

Rb,  Z=37,  M=85.48,  Ratio  ^=1.345 

Rb  I  Normal  state  of  valence  electrons  5s^  %^=0.  I.P.=  33691  K 
Rb  II  Normal  state  of  valence  electrons  4p^      'Sq  =0.    I.P.=221852  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Rb  I,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 
Intensities : 

L.  S.  Ornstein  and  J.  Key,  Physica  1,  945  (1934). 

G.  Stephenson,  Proc.  Phys.  Soc.  (London)  A44,  458  (1951). 


Relative  intensity  of  rubidium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  rubidium 


Strong  lines  of  rubidium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

3000 

7800.  23 

I 

0-12817 

4p65s'  2SoM— 4p«5pi  'PiH 

1500 

7947.  60 

I 

0-12579 

4p«5si  2SoK— 4p65pi  ^PoH 

Rubidium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

32 

4201.  85 

0-23793 

5 

7408.  17 

12817-26311 

16 

4215.  56 

0-23715 

7 

7618.  93 

12579-25701 

1.  2 

h 

5648.  10 

12579-30280 

11  hi 

7757.  65 

12817-25704 

2,  0 

1 

5724.  45 

12817-30282 

2.  0 

7759.  43 

12817-25701 

2.  5 

6206.  31 

12579-28687 

3000 

7800.  23 

0-12817 

4 

h 

6298.  33 

12817-28689 

1500 

7947.  60 

I 

0-12579 

3.5 

hi 

7280.  00 

12579-26311 
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RUTHENIUM 

■p.. 

Ku,  Z=44,  M=101.1,  Ratio  ^  =  1.591 

Ru  I  Normal  state  of  valence  electrons  4c^' 5s' =0.  I.P.=  59410  K 
Ru  II  Normal  state  of  valence  electrons  ^d^      '^F^y=0.    I.P.=  135200  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 

Sons,  New  York,  1939). 
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Relative  intensity  of  ruthenium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  ruthenium  , 


Strong  lines  of  ruthenium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

1000 

3728. 

03 

I 

0-26816 

5si 

a 

^Fs— 5p' 

z  6F 

850 

3498. 

94 

I 

0-28572 

5si 

a 

sFs— Sp' 

800 

3726. 

93 

I 

1191-28015 

5si 

a 

6F4— 5p' 

z  5F 

700 

3593. 

02 

I 

2713-30537 

5si 

a 

6F2— 5p' 

2 

700 

3798. 

90 

I 

1191-27507 

5si 

a 

6F4— 5p' 

z^D 

700 

3799. 

35 

I 

0-26313 

5si 

a 

6F5— 5p' 

z^D 

700 

4199. 

90 

I 

6545-30348 

5si 

a 

3F4— 5p' 

z  3F 

650 

3436. 

74 

I 

1191-30280 

5si 

a 

SF4— 5p' 

Z  5G 

650 

3589. 

22 

I 

3105-30959 

5si 

a 

6F,— 5p' 

z 

650 

3596. 

18 

I 

2092-29891 

5s' 

a 

6F3— 5p' 

2  =G 

650 

3730. 

43 

I 

2092-28891 

5si 

a 

6F3— 5p' 

2 

600 

3661. 

35 

I 

1191-28495 

5si 

a 

6F4— 5pi 

2  3G 

550 

3790. 

51 

I 

2092-28466 

5s' 

a 

^F3— 5p' 

2  6D 

550 

4080. 

60 

I 

6545-31044 

5s' 

a 

3F4— 5)0' 

y 

500 

3428. 

31 

I 

0-29161 

5si 

a 

'Fs— 5)0' 

z  'F 

500 

4212. 

06 

I 

6545-30280 

5si 

a 

'F4— 5p' 

2 

500 

4554. 

51 

I 

6545-28495 

5si 

a 

3F4— 5p' 

2  3G 

360 

3786. 

06 

I 

2713-29118 

5s' 

a 

6F2~5p' 

26D 

340 

4297. 

71 

I 

8084-31346 

5s' 

a 

^Fa— 5)0' 

2  3G 

320 

3417. 

35 

I 

2092-31346 

5s' 

a 

5F3— 5p' 

2  3G 

320 

3742. 

28 

I 

2713-29427 

5si 

a 

6F2— 5p' 

2  6F 

300 

3634. 

93 

I 

2092-29595 

5s' 

a 

^Fa— 5p' 

2  'F 

300 

3925. 

92 

I 

0-25465 

5s' 

a 

^F,,— 5p' 

2'D 

260 

3745. 

59 

I 

12207-38898 

5s' 

a 

'Gs— 5p' 

zm 

220 

4372. 

21 

I 

7483-30348 

5s2 

a 

6D4— 5p' 

2  3F 
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Ruthenium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Ene  r  gy 
Levels 
in  K 

4 

2076.  43 

I 

0-48144 

5 

2494.  48 

II 

11304-51380 

5 

2083.  77 

I 

1191-49165 

9 

2495.  69 

II 

27545-67602 

5 

2090.  89 

7 

2496.  56 

7483-47526 

9 

2255.  52 

0-44322 

15 

2498.  42 

II 

11304-51317 

4 

2259.  53 

0-44243 

15 

2498.  57 

II 

10852-50863 

^  12 

2272.  09 

I 

0-43999 

9 

2499.  78 

I 

4 

2278.  19 

1191-45071 

3.  5 

2500.  84 

9073-49048 

14 

2279.  57 

\ 

8 

2501. 48 

\ 

9073-49037 

3.  0 

2285.  38 

0-43743 

6 

2501. 89 

J 

9184-49141 

7 

2302.  54 

1191-44608 

28 

2507.  01 

II 

11304-51179 

13 

2317.  80 

I 

1191-44322 

14 

2508.  27 

I 

7483-47339 

4 

2322.  01 

1191-44243 

12 

2509.  07 

9121-48964 

4 

2334.  96 

II 

10151-52964 

3.  5 

2511.  56 

{ 

8 

2340.  69 

2092-44801 

12 

2512.  81 

J 

8084-47868 

7  h 

2342. 85 

II 

10151-52820 

12 

2513.  32 

II 

11604-51380 

7 

2349.  34 

I 

1191-43743 

7 

2515.  28 

I 

8044-47789 

12 

2351. 33 

2092-44608 

12 

2517. 32 

II 

11604-51317 

7 

2357.  91 

II 

9152-51549 

6 

2517.  62 

9058-48766 

6 

2360.  56 

2092-44442 

3.  5 

2519. 95 

J 

8 

2370.  17 

2713-44891 

6 

2521.  61 

J 

9121-48766 

12 

2375.  27 

I 

2713-44801 

3.0 

2525.  17 

I 

8575-48165 

4 

2375.  63 

II 

11604-53685 

8 

2526.  83 

7483-47047 

10 

2392.  42 

3105-44891 

6 

2528.  88 

9073-48604 

6 

2396.  71 

II 

9152-50863 

6 

2530.  64 

J 

8044-47547 

50 

2402.  72 

II 

9152-50758 

5 

2533. 24 

J 

7483-46947 

10 

2407.  92 

II 

11304-52820 

16 

2535.  59 

II 

26911-66338 

4 

2410.  89 

5 

2541. 28 

8771-48109 

4 

2414.  82 

II 

10151-51549 

7 

2543.  25 

II 

25952-65260 

10 

2420. 82 

30 

2544. 22 

8575-47868 

4 

2422.  92 

13 

2546.  67 

I 

8084-47339 

4 

2429.  60 

I 

8575-49722 

30 

2549. 48 

I 

7483-46695 

6 

2432.  93 

6545-47635 

60 

2549. 58 

6545-45756 

3.  5 

2447.  45 

\ 

9492-50339 

2.  5 

2555.  86 

3.  5 

2450.  58 

6545-47339 

3.  5 

2556.  00 

I 

9492-48604 

7 

2454.  92 

8044-48766 

4 

2556.  31 

J 

9058-48165 

20 

2455.  53 

II 

10151-50863 

5 

2558.  54 

I 

8084-47157 

16 

2456.  44 

II 

10852-51549 

14 

2560.  26 

\ 

8771-47818 

40 

2456.  57 

II 

10151-50845 

13 

2560.  83 

7  h 

2458.  62 

7483-48144 

12 

2563. 15 

I 

8044-47047 

6 

2462.  94 

8575-49165 

3.  0 

2564.  58 

I 

9184-48165 

9 

2464.  70 

I 

8044-48604 

6 

2566.  59 

I 

8575-47526 

3.  5 

2474.  04 

9620-50028 

17 

2568.  77 

7483-46401 

12 

2475.  41 

7483-47868 

3.  0 

2569. 74 

8044-46947 

11 

2476.  88 

8044-48405 

11 

2570.  97 

J 

30 

2478.  93 

II 

10852-51179 

3.  0 

2572.  28 

J 

8771-47635 

3.0 

2481. 11 

II 

29019-69311 

6 

2572.  41 

\ 

8084-46947 

3.  5 

2489.  91 

6545-46695 

3.  0  h 

2575.  24 

6545-45365 

2.  0 

2491. 78 

9184-49304 

11 

2578.  57 

8575-47345 

7 

2493. 69 

II 

26109-66199 

6 

2578.  95 

8575-47339 

9 

2494. 02 

9058-49141 

5 

2579.  22 

8044-46804 

282 


Ruthenium  —  All  Observed  Lines 


Intensity 
3.n(l 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
ijC  veis 
m  IS. 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

11 

2579. 53 

8771-47526 

1.  4 

2656.  69 

8771-46401 

10 

2580. 80 

J 

9073-47809 

5 

2658.  40 

\ 

9184-46789 

8 

2581. 14 

I 

9058-47789 

44 

2659.  62 

I 

7483-45071 

7 

2581. 91 

I 

8084-46804 

2.  5 

2661.  17 

II 

25952-63518 

6 

2583. 04 

I 

8044-46746 

36 

2661.  61 

II 

9152-46711 

8 

2584.  14 

8575-47262 

22 

2664.  76 

1191-38706 

5 

2585. 74 

\ 

8084-46746 

3.  5 

2667.  40 

II 

26109-63588 

11 

2589.  57 

I 

9184-47789 

4 

2667.  97 

9058-46528 

7 

2590.  97 

I 

7483-46067 

6 

2673. 48 

I 

9073-46466 

18 

2591. 12 

I 

8575-47157 

5 

2673. 60 

I 

8084-45476 

4 

2591.  64 

8771-47345 

75 

2678.  76 

II 

9152-46471 

13 

2592. 02 

8771-47339 

24 

2686. 29 

8575-45790 

11 

2593. 70 

I 

12817-51360 

3.  0 

2687.  50 

II 

26109-63308 

12 

2594.  85 

I 

6545-45071 

3.  5 

2688.  11 

I 

26118-63308 

5 

2597.  33 

I 

9058-47547 

2688.  16 

II 

9 

2601.  46 

2.  0 

2689.  90 

10624-47789 

8 

2605. 35 

\ 

8575-46947 

36 

2692.  06 

II 

10151-47285 

7 

2605.  86 

I 

9184-47547 

4 

2693. 29 

9073-46191 

40 

2609. 06 

I 

8084-46401 

10 

2699. 88 

I 

8044-45071 

5 

2609.  48 

I 

10624-48934 

12 

2701.  34 

I 

9184-46191 

9 

2611. 05 

9058-47345 

12 

2702.  83 

8084-45071 

90 

2612. 07 

\ 

7483-45756 

4 

2707.  97 

\ 

2092-39009 

10 

2614.  07 

I 

1191-39434 

18 

2709.  20 

I 

8575-45476 

6 

2614. 59 

I 

2713-40949 

22 

2712.  41 

II 

10852-47708 

11 

2615.  09 

I 

8575-46804 

8 

2713. 19 

I 

9620-46466 

8 

2617.  79 

9620-47809 

5 

2717.  40 

3105-39895 

10 

2619. 67 

j 

9184-47345 

2.  5 

2718.  83 

J 

9 

2620.  61 

I 

8044-46191 

75 

2719.  52 

I 

7483-44243 

3.  0 

2623. 83 

I 

16191-54292 

10 

2721.  56 

I 

9058-45790 

6 

2627.  65 

I 

7483-45529 

14 

2722.  65 

I 

9073-45790 

24 

2631. 30 

7483-45476 

8 

2724.  06 

9492-46191 

6 

2631.  57 

J 

9058-47047 

15 

2725.  47 

II 

11304-47984 

5 

2632.  13 

I 

10624-48604 

6 

2728.  83 

9121-45756 

5 

2632.  50 

I 

8771-46746 

2.  5 

2729.  46 

I 

8575-45202 

3.  0 

2633. 46 

I 

11447-49409 

6 

2730. 33 

I 

2092-38706 

24 

2635. 86 

9620-47547 

10 

2730.  93 

\ 

9183-45790 

18 

2636.  67 

\ 

12207-50122 

5 

2733. 59 

9620-46191 

10 

2638.  51 

I 

9058-46947 

34 

2734.  35 

II 

10151-46711 

8 

2639.  12 

I 

9620-47501 

200 

2735.  72 

I 

0-36543 

12 

2640.  33 

I 

9184-47047 

18 

2739.  22 

I 

8575-45071 

50 

2642.  96 

8575-46401 

8 

2743.  94 

\ 

6545-42978 

3  0 

2646.  02 

J 

10624-48405 

14 

2744.  45 

8771-45197 

12 

2647. 32 

I 

9184-46947 

4 

2747.  97 

II 

11604-47984 

3.  5 

2648.  45 

I 

8044-45790 

8 

2752. 45 

II 

10151-46471 

3.  0 

2648.  78 

I 

12207-49949 

8 

2752.  77 

II 

19379-55695 

7 

2649.  51 

9058-46789 

10 

2753.  44 

} 

12 

2651.  29 

{ 

8084-45790 

4 

2762. 31 

8044-44235 

36 

2651.  84 

6545-44243 

28 

2763. 42 

1191-37367 

3.0 

2656.  25 

II 

25952-63588 

4 

2765. 44 

II 

20515-56665 

1.  4 

2656.  56 

10 

2768.  93 

II 

11604-47708 
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Ruthenium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
m  Is. 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

4 

2774.  48 

I 

4 

2913.17 

I 

11786-46103 

11 

2778.  38 

II 

11304-47285 

4 

2914.30 

I 

11753-46056 

L. 
D 

C.  1  OD,  OD 

£.71.  O,  CO 

ii7i  —  3dh  I  i 

12 

2787.  83 

II 

10852-46711 

3.0 

2917.  77 

I 

8084-42347 

4 

2792.  64 

I 

8044-43842 

16 

2919.  61 

I 

3105-37347 

15 

2802.  81 

I 

8575-44243 

3.  0 

2927.12 

I 

14700-48854 

4 

2806.  74 

II 

21646-57263 

4 

2927.  54 

II 

20515-54663 

J  o 

COXU,  \JJ 

L.\iyc.  —  J  1  OOO 

A 

1  1  7fl  A     A  t;7Qn 

11/  OD  —  '\0  I7\J 

190 

2810.  55 

I 

1191-36760 

6 

2940.  36 

I 

7483-41483 

6 

2812. 82 

I 

8 

2943.  92 

I 

8575-42534 

8 

2817.  09 

I 

2713-38200 

20 

2945. 67 

II 

19379-53317 

38 

2818.36 

J 

0-35471 

20 

2946.  99 

I 

8084-42007 

^  OX  O.   7  J 

o  /  / 1  —  HHCjD 

zin 
tu 

C7H7,  DU 

OD'iD  —  'f<JHJ7 

12 

2822. 03 

I 

8084-43509 

4 

2952.  50 

I 

3105-36965 

22 

2827.  87 

I 

1191-36543 

16 

2954.  49 

I 

8043-41881 

44 

2829.  16 

I 

6545-41881 

8 

2958.  00 

I 

8084-41881 

14 

2834.  00 

J 

2092-37367 

3.0 

2959.  74 

I 

7483-41260 

n 

o 
o 

1  1  AA~7  A^OnO 

16 

2840.  54 

I 

6545-41739 

2.0 

2963.  40 

II 

21246-54981 

4 

2841.  68 

II 

20515-55695 

6 

2963. 72 

I 

6545-40277 

8 

2843.  17 

I 

9073-44235 

60 

2965.  16 

I 

2092-35807 

4 

2846.  32 

9121-44244 

18 

2965.  55 

II 

20515-54225 

g 

OO/IO  CO 
DO 

•^1  nc;  —  "^Ronn 

J  i.\iD  —  jOC\)\J 

o 

9QAR  ZIR 

lUO^H  —  HHjUl. 

70 

2854. 07 

I 

2092-37119 

9 

2968.  95 

I 

8084-41756 

20 

2860.  02 

I 

2713-37668 

4 

2973. 99 

I 

9492-43108 

46 

2861.  41 

I 

6545-41483 

3.0 

2974.  34 

I 

10624-44235 

60 

2866.  64 

I 

2092-36965 

15 

2976.  59 

II 

19379-52964 

9 

2868.19 

I 

9121-43976 

60 

2976.  92 

I 

1191-34773 

12 

2868.  31 

I 

5 

2977.  23 

II 

21646-55224 

10 

2871.  64 

I 

8 

2979.  72 

I 

15054-48604 

II 

20515-54065 

200 

2874.  98 

I 

0-34773 

24 

2879.  76 

6545-41260 

8 

2979.  96 

II 

21246-54794 

9RQ1  OR 

J 1 UD —  J  1 OUC 

D 

971    —    A9'^  Q 

6 

2882.  12 

II 

19379-54065 

150 

2988.  95 

I 

0-33447 

14 

2883.  60 

I 

2092-36760 

4 

2989.  66 

I 

8044-41483 

7 

2884.  51 

I 

9184-43842 

4 

2991. 62 

II 

21246-54663 

80 

2886.  54 

I 

2713-37347 

12 

2993.  27 

8084-41483 

o 
o 

C.OO0,  uu 

1  1  Q1  —  ■^c:Rn7 
i 1 7±  —  JDOU 1 

OQon  QA 

CvyHm  'O 

CU7C      JDH 1 X 

■  4 

2891. 65 

I 

15550-50122 

6 

2996.  90 

I 

9058-42416 

20 

2892.  56 

I 

3.0 

2997.  43 

I 

10624-43976 

8 

2896.  53 

I 

3105-37620 

10 

2998.35 

I 

6 

2898.  54 

I 

8044-42534 

6 

3001.  64 

J 

8575-41881 

OUoH  —  Hl.Dj'^ 

ZIR 

971    — RQAA 

6 

2902.10 

I 

10624-45071 

4 

3008.  26 

I 

9184-42416 

2.0 

2903. 08 

I 

9073-43509 

6 

3008.  80 

I 

9121-42347 

15 

2905.  65 

I 

2713-37119 

6 

3012. 92 

I 

8575-41756 

7 

2905.  83 

6545-40949 

6 

3013.36 

{ 

8084-41260 

8 

2906.  32 

\ 

7483-41881 

36 

3017.24 

3105-36239 

40 

2908.  88 

3105-37473 

2.0 

3019.37 

8771-41881 

3.  5 

2909.  22 

8575-42939 

34 

3020.  88 

2713-35807 
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Ruthenium 


—  All  Observed  Lines 


Intensity 

Via  T*  3    1"  T* 

Wave- 

in  A 

Spec- 
trum 

Energy 

T  ,p  -^rp  1  e 

J_i  ^  V      X  0 

in  K 

Intensity 
A  n  H 

Wave- 

1     Ti  rrl" Vi 
X  C  11  td  Uli 

in  A 

111  £\. 

Spec- 
trun^ 

Ene  rgy 

T    0  T  r  0  1  C 
J_j  C  V  C  X  0 

in  K" 

111  XV 

26 

3033.  45 

7483-40439 

8 

3254.  54 

2713-33431 

7 

3034  06 

J 

9058-42007 

6 

3254. 71 

J 

9058-39774 

6 

3035.  47 

I 

9073-42007 

28 

3260!  35 

I 

1191-31853 

6 

3038.  18 

I 

8044-40949 

12  d 

3264. 55 

I 

3105-33729 

20 

3040.  31 

I 

1191-34072 

3264.  66 

I 

8084-38706 

22 

3042. 48 

3105-35964 

12 

3266.  44 

10655-41260 

A 

3042  83 

10655-43510 

20 

3268.  21 

J 

13646-44235 

11 

3045.  71 

I 

9184-42007 

20 

3273.'  08 

I 

8044-38587 

6 

3048.  50 

I 

7483-40277 

20 

3274.  71 

I 

10655-41183 

11 

3048.  78 

I 

2092-34882 

10 

3277.  57 

I 

14700-45202 

15 

3054. 94 

8044-40768 

50 

3294. 11 

0-30348 

40 

3064  84 

\ 

9121-41739 

6 

3296.  11 

J 

13646-43976 
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4144. 16 

I 

8084-32208 

85 

4307.  60 

I 

9183-32392 

60 

4145.  74 

9058-33172 

3.  5 

4309.  21 

26036-49235 

41 4A  77 

9A9n  —  '^'^799 
yO^U     J  J  1  L.y 

1  0 

X  u 

4"^!  4  "^0 

HJ^XH.  JU 

9R91  4  — 4R'^RA 

o 
o 

41  4R  "^R 

y 

9(17"^  —  ■^'^1  79 

7 

4'^1  A  A4 

y 

91  R4  _  ■iOi.Art 

yXOH  J?L.J*^J 

41  mi  "^n 

HX  D  U,  ^  U 

y 

9499  —  ■xi.c.on 

4*^1  R  d'\ 

H^X  0. 

y 

3.  0 

4159.  17 

I 

16240-40277 

50 

4319.  87 

I 

8044-31186 

12 

4161.  66 

13646-37668 

3.5 

4320.  58 

17097-40235 

X  u 

41 AA  RR 
HX  DO,  OO 

0 

4'^91  ■^O 

H^^X.  ^U 

907"^  —  ■^9908 

an 

41  A7  1^1 
tXo / .  D  X 

y 

91  R4  —  "^"^1  79 

0 

4'^99  9A 

y 

9i;pni  _4R'?97 

X  u 

41  7(1   n  R 

y 

1  '^A4A  —  '^7A9n 

1  A 

X  D 

d'^7'=>  0'^ 
^  J  c.  ^ ^  U_J 

y 

1  ■^646  —  36760 

5 

4175.  43 

20056-43999 

16 

4326.  82 

10624-33729 

10 

4182. 46 

17046-40949 

10 

4327.  43 

8084-31186 

6 

4182. 64 

7483-31385 

9 

4331. 16 

8771-31853 

3.  0 

4189.  46 

7483-31346 

3.5 

4332.  50 

23453-46528 
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Ruthenium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

c„^^  Energy 
^P^^"  Levels 
^^^"^           in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Energy 
Levels 
in  K 

7 

4336.  42 

I  7483-30537 

6 

4530.  85 

I 

15054-37119 

16 

4337.  27 

I  6545-29595 

20934-42998 

n 

d'^'^R  Aft 

9  R 

dqd'^  AQ 

Ql  Rd  —  "^1  1  RA 

yXOH  ^XXOD 

zi  n 

M-.  u 

T        1  A9dn  — '^Q97'^ 
X          XOttU      J?  yt  /  J 

1  A 
X  o 

dRd7  "^"K 

7dR'^  —  9QdAR 

IHOJ  —  t/HOO 

%  c: 
J,  0 

T        1  A71    —  '^Q7d9 
X       XO/X-'    jy  1  He. 

1  n 

X  u 

dRd7  Rc; 

1  '^QR9  —  "^^i^QAd 

XJyO^  —  JjyOH 

50 

4342. 07 

I  9184-32208 

2.5 

4549.  43 

I 

8044-30018 

10 

4346.48 

I  8044-31044 

4 

4549. 96 

J 

23393-45365 

S>  c. 

t^'T  7.    /  U 

T        T^Qft9  — "^AQA"^ 

d 

dR'^9  11 

HjZjC,  XX 

DD 

X             OUCH  ^XUHH 

u 

tJJ'T.  3X 

A^dR  —  9RdQt; 

J.  J 

H'Xc.A  on 

T      1  nA9d  — '^'^'iRn 

1  n 

X  u 

dCLCiQ  QR 
tjjy.  yO 

Ql  91  _  "^1  Odd 
yXtX  —  ^XUHH 

80 

4361. 21 

I  6545-29468 

2.0 

4562.  60 

I 

15054-36965 

3.  0 

4370. 42 

I  8084-30959 

3.5 

4564.  69 

9058-30959 

D 

/  i. 

X           X / UHO  JV/±t 

A 
o 

d^lRn  07 

u 

T-J  /  ^.  ex. 

T          7dR'^  — '^fl'^dR 
X           IHOJ  jyjJHO 

1  AD 
xou 

d^iRd  dd 

RflRd  —  9QRQ1 
OUOH  —  ^yOyX 

-5.  U 

d'^ftl  97 

T        1  AT  Ql  —  "^QnnQ 

X          XDXvX  ^yUUy 

A 
H 

dRR7  1 n 

HjO / . XU 

1  1  7ftA  —  "^Clftn 
XX / OD  —  ^^jOU 

9 

4383.  36 

I  10624-33431 

10 

4591.  10 

I 

9184-30959 

80 

4385. 39 

I  7483-30280 

14 

4592.  52 

J 

10624-32392 

X  ^  u 

T          Qnc;o  _  -i-i  oc-j 

X                /U^O  ^XO-/^ 

A 
o 

d^QA  71 
y  D.  /  X 

9  '^d^'^  —  dRn99 

g 

d'^fiA  97 

T        1  ilR97  — '^7A9n 

X           XHO^  /      J?  /  OcU 

d^QQ  nR 

HI?  7  y.  UO 

1  nARR  _'^9'^Q9 

T        9941  Q  —  /I'll  Q7 

dADl  7A 

HDUX.  /  D 

1 1  dd7  —  "^"^1  79 

XXHH/      J  J  X  1  c. 

160 

4390.44 

I  8575-31346 

3.5 

4605. 66 

I 

15054-36760 

8 

4391. 03 

I  7483-30250 

2.0 

4612.32 

8575-30250 

1  4 
X  *t 

dA'^'^  AQ 

QA9n  — "^1 1  RA 
yo^u  j?xxoo 

d'^Qi  ftn 

T          Ql  91  —  "^1  RR"^ 
X           yX^X  JXOjJ? 

1  7 
X  / 

dAdR  HQ 

HOHIJ.  Uy 

9nnqA  —  dl  R7ft 

^lUUjD      HX  J  /  O 

T           QA9n  — '^9'^d'^ 

AD 

OU 

dAd7  Al 
HOH /  .  OX 

ftDftd  —  9Qc;qc; 

OUOH  C/D/D 

3.0 

4404.  82 

I  17046-39742 

24 

4654.  32 

I 

9058-30537 

150 

4410.03 

I  9184-31853 

2.0 

4669.  14 

14827-36239 

o 

Zld9n  RZl 

HH^  U.  Ot- 

T           R771  —  "^1  "^R":; 
X            0//X     J  A.  J  o_j 

A 

D 

dAAQ  QR 
HOOy.  yO 

7dR'^  _  9RRQ1 
/ HO  J  —  cOOyX 

HH^  X.  HO 

T          Rc^7R  —  "^1  1  RA 

X             OD  1 D  ^XXOO 

R 
O 

dA7d  At; 

HO  /  H.  OD 

1  1  7RA  —    "^l  79 
XX  /  OO  —  J  J  i.  1  L. 

^.  3 

4/19/1  7ft 

T        11  7RA  —  '^d'^Rn 

X           XX/OU  ^H^OU 

9d 

dARl  7Q 
HOO X.  /  y 

Ql  Rd  —  '^rm'^7 

yXOH  jyJDJI 

30 

4428.  46 

I  8771-31346 

16 

4684.  02 

I 

8084-29427 

42 

4439. 76 

I  10655-33172 

24 

4690.  11 

8575-29891 

o 
o 

HHtn.  jX 

1 9n 

x^  u 

d7nQ  dR 

H  /  U  y.  HO 

Ql  91  —  (T^dR 

/X^X  J5UJHO 

AD 

T           R'i7R  _  "^1  fldd 

9  c; 

d79n  Q9 

H  /  ^ U.  / C 

1  Al  Ql  —  Xl^f^l 

XDXyX  —  J  1 jO 1 

i  UU 

d/iAD  nd 

T          R771 — ^1 1 RA 

X             0//X      J  L  L OO 

1  9 
X  ^ 

d7'^l  '^'^ 

H  /  JX.  JJ^ 

Ql  91  _  "^09^0 
yX^-X  —  juCDxj 

2.  0 

4467.  26 

I  20242-42621 

10 

4733.  52 

I 

8771-29891 

17 

4473.  93 

I  6545-28891 

2.  5 

4738.  40 

J 

^.  -3 

HH  /  y.  HX 

T        1  "^AdA  —  "^^QAd 
X          X^Dt-O  —  ^JDyOt 

d7d'^  (19 

H  /  H  J.  U/1 

99i;i  Q  _d'^RQ7 
CCjX.7  —  HJJjy  / 

14 

HHOU,  HD 

T          1  ^fT^d  — 

X           XjUIJ't      J  I  jO  I 

0 

d7RA  9"^ 

H  /  DO.  L.  J 

RCi7R  —  9Q^Q'^ 
OD  ID  —  c.vDvD 

J.  u 

dZlft9  0*^ 

T        11  7ftA  —  "^dflQl 

X          XX/OD — JHUyX 

d9 

Al'^l  Rd 

H / D /  .  OH 

7dR'^  —  9ftdQc; 
IHOS>  —  ^OHyj 

8 

4488.  39 

I  8771-31044 

1.  8 

4764.  40 

I 

27507-48490 

5 

4490.  24 

I  8084-30348 

8 

4769.  30 

6545-27507 

/I 

Aft 

HH  y  X.  OO 

T        1  ■^Qft9  —  '^A9'^Q 
X         X^yO^  jXjCjy 

1  R 
X.  o 

dlT^   1  R 

H  1  1  J,  LD 

1  1  dd7  —  '^9'^Q9 

XXHH/  JC.J7C 

HHyO,  XH 

T         qi  91  _  -^1  -^dA 

X              yX^X  JJX^HO 

^.  u 

d77d  nn 

H  /  /  H.  UU 

9n9d9  —  dl  1  9.% 

c.\iC.HC  HXXOJ) 

1 1 

H  jX  U,  XU 

T           ftflftd  — "^09^0 

X             OUOt-  —  j\j  L.D\J 

d 

d7Rd  97 

H  /  OH.  ^  / 

1  1  dd7  —  '^9'^d'^ 

XXHH  /  —  J C-jHj 

8 

4511.20 

I  13646-35807 

3.0 

4794.  38 

I 

8575-29427 

20 

4516.  89 

I      11447  —  33580 

3.  0 

4795.  57 

8044  —  28891 

20 

4517.  82 

I  9058-31186 

4 

4798.  44 

9058-29892 

4520.  95 

I  9073-31186 

5 

4804.  88 

8084-28891 

1.6 

4806.  19 
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Ruthenium  —  All  Observed  Lines 


Intensity 

3.nci 
Cii3.r3.cter 

Wave- 
length 
in  A 

Spec-  Energy 
i_ie  V  eio 

trum 

m 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

22 

4815.  52 

I  11447-32208 

14 

5195.  02 

8771-28015 

1  6 

4817. 34 

I  15054-35807 

6 

51 99  87 

J 

pQl An  —  4a38A 

6 

4833!  00 

3.  5 

5202. 12 

I 

20056-39273 

4 

4839.  01 

I  26313-46972 

3.  5 

5213.  43 

I 

28495-47671 

1.6 

4839.  77 

I  8771-29427 

5 

5223.  55 

I 

12207-31346 

10 

4844.  56 

I  9058-29694 

3.  0 

5242.  38 

10624-29694 

2  0 

4854.  56 

I  26313-46906 

4 

52^1  kl 

J 

7 

4861.*  87 

I  10624-31186 

3.  0 

5257.  07 

I 

30537-49554 

46 

4869. 15 

I  7483-28015 

3.  0 

5266.  47 

I 

20934-39917 

6 

4895.  32 

I  8044-28466 

3.  0 

5266.  83 

I 

20056-39037 

12 

4895. 60 

I  10624-31044 

3.  0 

5280.  82 

8575-27507 

A 

4899  25 

I       11447  —  31853 

10 

S284  (18 

J 

36 

4903.  05 

I  10655-31044 

3.  0 

5291.  16 

I 

9121-28015 

3.  0 

4905.  02 

I  8084-28466 

6 

5304.  86 

I 

9620-28466 

9 

4907. 89 

I  9058-29427 

20 

5309. 27 

I 

7483-26313 

20 

4921.  07 

I  8575-28891 

1.  0 

5315.  33 

J 

20934-39742 

1  4 

J.  T 

49^8  43 

T         9184  —  29427 

3.  0 

1 3A4A  —  393Q9 

7 

4955.  26 

I  26816-46991 

3.  5 

h 

5334.  70 

I 

3.5 

4959.  86 

I  26816-46972 

8 

5335.  93 

I 

8771-27507 

12 

4968.  90 

I  8771-28891 

10 

5361. 77 

I 

2.5 

4974.  12 

I  22162-42261 

5 

5377.  84 

28495-47085 

7 

497A  20 

T       2^181  ^ —  4^i90fS 

5 

^"KP,^  88 

J 

1  3^14^1  —  32208 

12 

4980.  35 

I  9620-29694 

8 

h 

5401. 04 

I 

4 

4983.  45 

I  9058-29119 

3.  0 

5401. 39 

I 

13699-32208 

4 

4987.  26 

I  9073-29119 

3.  0 

5418.  86 

I 

9058-27507 

9 

4992. 74 

I  7483-27507 

4 

5427. 59 

28572-46991 

-J  u ±  J.,  t.  ^ 

2.  0 

1 

^439  21 

J 

7 

5014.  95 

I  9184-29119 

1.  0 

5452.  71 

I 

28572-46906 

7 

5026.  18 

I  8575-28466 

6 

h 

5454.  82 

I 

31186-49513 

5 

5028.  16 

I  10655-30537 

7 

5456.  13 

I 

9184-27507 

2.  5 

5040. 35 

I  20934-40768 

1.  0 

h 

5475.  18 

J 

31346-49605 

2  R 

^040  74 

T         9n'^8  — 28891 

4 

R479  40 

31  346  —  49591 

5 

5047.  31 

I  9620-29427 

2.  0 

5480.  30 

I 

30280-48522 

34 

5057. 33 

I  6545-26313 

6 

5484.  32 

I 

8084-26313 

1.6 

5062.  64 

I  13982-33729 

1.4 

5484.  64 

I 

12817-31044 

7 

5072.  97 

I  9184-28891 

2.  0 

5496.  69 

J 

20056-38243 

9 

507^1  3? 

I       10655  —  30348 

1.  0 

5501  02 

30348  —  48522 

15 

5093.  83 

I  9492-29119 

10 

5510.  71 

I 

12207-30348 

6 

5107.  07 

I  12817-32392 

1.  5 

5512.  37 

I 

30250-48386 

1.8 

5123.  73 

I  11447-30959 

0.  6 

5517. 86 

I 

15054-33172 

4 

5127.26 

I  9620-29119 

0.  9 

5521.  78 

J 

31186-49291 

5 

Oy 

T       13^99  —  33172 

0.  9 

R^3n  99 

20934  —  39009 

40 

5136.  55 

I  8044-27507 

1.  8 

5540.  66 

I 

12207-30250 

13 

5142.  76 

I  8575-28015 

0.9 

5556.  52 

I 

8044-26036 

19 

5147.  24 

I  8084-27507 

7 

5559. 75 

I 

7483-25465 

8 

5151.  07 

I  9058-28466 

0.  8 

5569. 03 

\ 

8084-26036 

4 

5153.  20 

I  11786-31186 

1.6 

5578.  40 

38 

5155. 14 

I  9073-28466 

1.6 

5603.  14 

10624-28466 

4 

5160.  00 

I  9121-28495 

0.  6 

5603.  55 

70 

5171. 03 

I  7483-26816 

1.  0 

5606.  73 

29160-46991 
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Ruthenium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

u«  o 

c;A9Q  7Q 

99c;i  Q  _  An977 

1  H 
1.  T- 

D  /  3U.  t3 

1  Al  Ql      "^1  nAA 
lolvl —  3IUHH 

L.C. 

5636.  24 

I 

8575-26313 

0.7 

6756.  54 

I 

32392-47188 

u«  o 

5641.  66 

I 

12817-30537 

2.  0 

6766. 95 

J 

29119-43892 

0.5 

DOHv.  Do 

Q1 91  _  9A«1 A 
71^1  —  ilOOl  0 

3.  u 

UTIC.  n9 

0 /  ID,  yjc. 

1  7007  _  "^1  RCL'^ 
1  /  U7  /  —  3 1033 

0.5 

cLc:-!  -2,0 

:| 

1 9907  _  9qQQl 

1  9 
1.  <i 

0101,  Cj 

1  cc  cn  _  •jn9Rn 

1333U  —  3U^0U 

n  ft 

1  -JAQQ  —  "^1  jIA 
13077  —  J IJHO 

n  ft 

ART  c:i 
D013,  31 

9990*?  —■^AQAc; 
CC.C7  J  —  3O7DD 

1.  c. 

5679.  63 

I 

22293-39894 

1.4 

6823.  88 

I 

29694-44344 

5699.  05 

8771-26313 

2.  0 

6824.  17 

28466-43116 

1.0 

J  1  ^H,  Oc. 

1  9m  7 _ '^n9f)n 

l^Ol  /  —  jV/lOV 

n  7 

U.  / 

AR'^l  c;9 

9c;AA'?_An977 
^3DH3  —  HU^ /  / 

1.0 

D  1  CD,  1 J 

03/3  —  £.0\}jO 

3.  u 

AQl  1  AR 
O71 1.  to 

9QA97_A'^RQ9 
C7'\C  1  — H307^ 

CT/IC  QQ 
D  1  HO,  77 

^    AZIA  —  "^1  C\£iA 
13 OHO  —  ^lUHH 

1 9 
1^ 

AQ9'^  o-i 

9AR1  A  —  Al  9t^A 
^OOID  —  H1^30 

X.  ^ 

5747.  47 

I 

21643-39037 

3.  0 

6982. 01 

I 

27507-41825 

0  ft 

5752.  02 

8084-25465 

3.  0 

7027.  98 

28891-43116 

0.8 

D  / Do, 

1  1  7^;"^  —  9Q1  1  Q 

Xi.  1  -)J  —  ^17117 

1  n 
1.  u 

7nRA  nA 

/  U  00,  UD 

1  A9An  _  '^n'^AR 
ID^HU  —  3U3H0 

0.  8 

3  /  D  /  .  7^ 

1 1 7RA  —  9Q1  1  Q 

11/OD  —  t7ll7 

1.  H 

7nR7 

I  Uo /  .  33 

1  99  07  —  9A'?1  % 
LccVi  1  —  <iD313 

1  ? 

DOUH,  ^7 

O'l'iQ'z  _  /in  AT  A 

C.JJ7J  —  HUOlO 

U.  H 

71  /ll  79 

/  1  HI,  / 

_ 

1  70A  A  —  "^1  OAA 
1 /UHD  —  31UHH 

i; 

5814.  98 

I 

9121-26313 

0.7 

7219. 26 

I 

25603-39451 

0  6 

5828.  06 

15054-32208 

4.0 

7238.  92 

I 

28015-41825 

1.2 

h 

3U3'tO  —  H/HO/ 

n  ft 

1  C.OO,  70 

4 

CQI  Q  "in 

Dvly,  JH 

03  /  3  —  ^3't03 

n  Q 
u,  7 

(  3t3.  3D 

1  A9A0  —  9QRQ1 
IDtHU  —  ^707l 

A 

RQ91  0.^ 

D  7^1  X.  HD 

- 

1 nA9d  —  97^07 

XUD^H      L.  1  3U  ( 

^  ft 
1.  0 

/  3  7  3  .  73 

_ 

OQcqc  _  A'^l  1  A 

C7D7D  —  H31XO 

X.  D 

5926.  87 

I 

16713-33580 

2.0 

7468. 91 

I 

30959-44344 

?  0 

5932.  38 

J 

9184-26036 

1.  4 

7475. 40 

0.6 

D7jD.  OD 

•^0"^  Zlft  —  Z171  Sft 
3U3HO  —  H/loO 

n 

3.  u 

7ARC;  7Q 
/  H03.  /  7 

Oc;'^7  —  A'^RQ9 
3U33  /  —  HJ07C 

0.  6 

D7DX. XD 

13U3H  —  31033 

Q 

0 

7/iqq  71; 

/  H7  7.  /  3 

9RAQ^  — Al  R9^ 
CoHVO —  H10c3 

X.  D 

D7  1  J,  JO 

_ 

3U3'tO  —  H/U03 

n  ft 
u,  0 

7C'20  07 

9  AQ9  7  —  "^RO  on 
c'^7  c  1  — 3O/1UU 

n  ft 

5974.  17 

I 

20934-37668 

3.  0 

7559.  61 

I 

29891-43116 

1  2 
X.  c 

5988.  67 

8771-25465 

0.  6 

7612. 94 

31044-44176 

2.5 

Z)77J,  OD 

1 1 7fiA  _  9QAAA 
11/oD  —  ^loHOO 

9  n 

7A91  c;n 

/  Oil  1.  3U 

AAQ70 
31033  —  HH7 /U 

1.4 

0110.  /  / 

qi  91  _9^/lA^ 

9  n 

1100  R7 
/ ICC,  01 

1  cccn  _  9RAQC; 
1333U  —  COH7D 

AT  QQ  A9 

Ol77, 

1  7nAA  —  "^"^  1  79 

n  A 

U.  D 

779Q  Ql 

/  1  C7,  7l 

'Z0Qc;Q_A'^RQ9 
3U737  —  H307^. 

2  n 

6225. 20 

I 

11447-27507 

2.5 

7791.  86 

I 

31346-44176 

n  7 

6284. 49 

22293-38200 

0.5 

7797. 89 

I 

1.4 

AOQc; 

0^173,  ^il 

^JJ7J       J7C.  1  J 

U,  3 

7HnA  H9 
/ oUO.  Oc 

■^7"^ A7  _  c;01  7"^ 
3/30/  —  3U1/3 

1.  0 

A77n  A"? 
033U.  D^l 

9t;/lAC;  _  Al  9  I^A 

u.  3 

7H1  A'^ 
/ 013.  h3 

90Q'^A  '^'^790 
ilU73H  —  J  J  1  C7 

n  7 

b^^o.  1^: 

L.C.D  i.7  —  30^7/ 

u.  3 

7R9Q  HI 
/  OC7,  01 

09  c;0     A'^  01  Q 

n  7 

11 

6363.  41 

I 

28466-44176 

0. 6  h 

7833.  39 

I 

32208-44970 

n  7 

6376.  45 

12817-28495 

0. 7  h 

7841. 90 

I 

36543-49291 

1.2 

037U, 

C.JJ7 J  —  37U3  / 

3.  3 

IQAl  Rn 
/ OH /  .  OU 

'^09R0  A'^01  Q 

3U^-0U  —  H3Ul7 

0.6 

A/ll  7  c;7 
OHL  1,01 

■^zi77'^  —  c;n'^m 

3't  /  /  3  —  3U331 

q 

7 

7RR1  AQ 
1  001.  H7 

9Rc;79  —  Al  9c;A 
COD  1  C —  H  LcDO 

h 

AZlZl/1  PZl 

97c;n7  —  A'^m  q 

c.  1  OU  1  —  '+3U17 

^  ft 
1.  0 

7Rqn  '^7 
/ O7U,  3  / 

"^0"^  AR  —  A'^01  Q 
3U3HO  —  H3U17 

n  ft 

6496.  44 

I 

27507-42895 

1.8 

7924.  43 

I 

30280-42896 

n  ft 

6528.  74 

0.  6 

7948.  15 

32392-44970 

0.3 

C3DDU.  HD 

1.  u 

7QA7  RA 
/ 7O /  .  OH 

'^0'^AR_A9RQt; 
3U3HO  —  HC07D 

0  3 

AciQ'i  in 
oOyj,  m 

1  n 
1.  u 

Rl  1 9  A7 
ol  1<:.  H  / 

'^^  RC,-2  _  /I  Al  7  A 
31033  —  HHl/D 

0.7 

AA1  ft  9n 
oolo. 

1  A9An  —  "^1  "^AA 

ID^HU  —  313'tO 

9  n 

R9AA  QA 
0^  OH,  7O 

_ 

9qi  Al  —  Al  9^A 
^-7lDl  —  H1^:3D 

2.0 

6663. 14 

I 

28015-43019 

1.2 

8348,  98 

I 

31044-43019 

5 

AAQD  nn 

9A'^1    —  AT  9c;a 

^D3X3  4X^30 

n  7 

R'^^O  QA 

OJDC,  7H 

'?990ft  — AAl  7A 

DCCUO      HHl / D 

1.0 

6707.  52 

23393-38297 

0.4 

8435. 77 

31044-42895 

1.4 

6718.  30 

28015-42895 

1.2 

8473. 64 

33172-44970 

291 


Ruthenium  —  All  Observed  Lines 


Intensity        Wave-  Energy 

and            length              ~  Levels 
,                °  trum 
Character       m  A                           m  K 

Intensity         Wave-  Energy 

and             length     ^  ^  Levels 
/-i-^       .                   .        trum  . 
Character         m  A                            m  K 

1.  2           8483.  56      I  32392-44176 
2.5           8710.  84      I  30348-41825 

1.  6           8724.  98      I  20934-32392 
1.  0           8777.  36      I  33580-44970 
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SAMARIUM 


Sm,  Z=62,  M=150.35,  Katio  ^  2.366 

Sm  I  Normal  state  of  valence  electrons  4/  6s^  To  =0.  I.P. =45000  K 
Sm  II  Normal  state  of  valence  electrons  4/  65'  Tok,=0.    I.P.  =  92000  K 

References 

Wavelengths : 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945) , 
below  2900  A. 

A.  S.  King,  Astrophys.  J.  82,  140  (1935),  above  2900  A. 

Classification : 

Sm  I,  W.  Albertson,  Phys.  Rev.  47,  370  (1935). 

F.  W.  Paul,  Phys.  Rev.  49,  156  (1936)  (Spectrum  assignment  only). 
W.  Albertson,  Phys.  Rev.  53,  644  (1937). 
Sm  II,  W.  Albertson,  Astrophys.  J.  84,  26  (1936). 


Relative  intensity  of  samarium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  samarium 


Strong  lines  of  samarium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

350 

3568.  27 

jl 

3910-31926 

4f6fi<; 

Ci 

-Ten 

350 

3592.  60 

Ij 

3053-30880 

4/<'6s 

a 

^Gly^ 

280 

3609.  49 

II 

2238-29935 

4/^6s 

d 

280 

3634.  29 

II 

1489-28997 

4/66s 

a 

»Gly, 

280 

3885.  29 

II 

3910-29641 

4/66s 

a 

8F6H— 4/66p 

1156K 

r      3739.  12 

jj 

1      3739.  20 

327-27063 

4/66s 

a 

200 

3854.  21 

200 

4424.  34 

3910-26506 

4/66s 

a 

56Ih 

180 

3661.  36 

327-27631 

4/«6s 

a 

180 

3670.  84 

838-28073 

4/66s 

a 

170 

3922.  40 

3053-28540 

4/66s 

a 

sFsK— 4/«6p 

98Sk 

160 

3731.  26 

838-27631 

4/«6s 

a 

'GiH 

150 

4280.  79 

3910-27263 

4/668 

a 

8F6K— 4/66p 

75?k. 

150 

4467.  34 

5318-27696 

4/66s 

a 

6F5H— 4/66p 

845h 

140 

3306.  39 

3910-34145 

4/66s 

a 

1626H 

140 

3604.  28 

3910-31646 

4/66s 

a 

12871^ 

140 

3621.  23 

838-28445 

4p6s 

a 

^F^K- 

97§H 

140 

3760.  69 

1489-28072 

4/66s 

a 

130 

3928.  28 

1489-26938 

4/66s 

a 

'F^y- 

66§H 

130 

4118.  55 

5318-29591 

4/66s 

a 

'F,y— 

114|h 

130 

4318.  94 

2238-25385 

4/66s 

a 

3851^ 

120 

3728.  47 

5318-32131 

4/66s 

a 

'F,y— 

143gK 

120 

3735.  98 

2238-28997 

4/66s 

a 

'F,y- 

120 

3793.  97 

838-27188 

4/66s 

a 

8F2M— 4/66p 

733H 

120 

3797.  73 

120 

3826.  20 

4386-30514 

ifQs 

a 

^F4H— 

127|K 

120 

3843.  50 

3499-29510 

4/26s 

a 

'=F3H— 

113|h 

120 

3896.  98 

327-25980 

4/66s 

a 

8F1H— 4/66p 

47iH 

120 

4329.  02 

1489-24583 

4/66s 

a 

8F3H— 4/«6p 

242M 

120 

4434.  32 

3053-25598 

4/66s 

a 

sFsH— 4/66p 

43|h 

110 

3788.  12 

2003-28394 

4/66s 

a 

^F,H— 

955^ 

110 

4296.  74 

I 

4021-27288 

4/«6s2 

a 

'Fs  — 4/66s6p 

z'Gf 

110 

4390.  86 

1489-24257 

4/66s 

a 

8F3H— 4/66p 

21Ih 

110 

4433.  88 

3499-26046 

ip&s 

a 

'Fiy^-AfGp 

495h 

110 

4674.  60 

1489-22875 

4/668 

a 

8F3H— 4/66p 

123H 

609065  0-62  -20 
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Samarium 


—  All  Observed  Lines 


Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec-  Energy 
^  Levels 
trum            .  ^j. 

m  is. 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

2.5 

2610.  07 

I 

10 

3034.  84 

II 

5 

2640.27 

7 

3039.  13 

II 

7  n 

?649  17 

a 
o 

3n4A  93 

T  T 

JL  X 

3.0 

2657.  68 

3.  0 

3050.  80 

II 

5 

2662. 42 

I 

6 

3065.  78 

II 

327-32935 

8 

2675.  15 

10 

3067.  54 

7 

2688.  60 

8 

3071.  29 

II 

3  0 

7 

3nftA  4R 

T  T 

i.  J. 

9 

2693.34 

6 

3096.  68 

II 

1489-33773 

3.0 

2693. 74 

I 

8 

3096.  88 

II 

4 

2696.  08 

7  h 

3102.30 

II 

6 

2707.  96 

17 

3106.  52 

II 

2238-34419 

J»  -> 

?73?  42 

T 

J. 

3110  20 

T  T 

X  i. 

2.5 

2739.  87 

4 

3115. 05 

II 

2238-34331 

2.0 

2762.  28 

14 

3117.  72 

II 

2.5 

2764.  18 

7 

3134.18 

II 

6 

2767.  85 

22 

3136.30 

II 

2774  77 

T 

J. 

1  2 

3139  97 

TT 
X  X 

6 

2776.11 

7 

3143.30 

II 

6 

2779.  23 

12 

3147.19 

II 

2689-34454 

6 

2786.  64 

15 

3152.10 

II 

3053-34768 

10 

2789.  38 

34 

3152.  52 

II 

279A  7n 

CI/  D.  /  U 

7 

31 A2  ^^ 

T  T 
1 1 

CC.JO  JjODj 

6 

2807.  36 

12 

3162.30 

II 

10 

2809.  50 

30 

3169.  88 

II 

2238-33776 

8 

2810.  86 

7 

3170.  21 

II 

2238-33773 

6 

2817.  20 

15 

3178.12 

II 

1489-32945 

2S2n 

31  83  92 

T  T 

1  X 

15 

2830.  94 

7 

3186.  02 

II 

4 

2840.  30 

26 

3187.  01 

II 

1489-32858 

4 

2847.  49 

36 

3187.22 

II 

3053-34419 

4 

2851. 35 

30 

3187.  79 

II 

2238-33599 

Q 
O 

2fiAA  n9 

T 
1 

7 

31  88  72 

TT 
X  X 

OA89  — 34n4n 

5 

2868.  40 

30 

3193. 01 

II 

5 

2881.  34 

30 

3196.18 

II 

3053-34331 

6 

2881.  68 

I 

12 

3201.  80 

II 

4 

2883. 09 

12 

3204.  90 

II 

2689-33882 

3.0 

2889.  06 

30 

3207.  18 

II 

0-31171 

4 

2891.  34 

15 

3208.17 

II 

6  d 

2907.  88 

50 

3211.73 

II 

2907.  99 

12 

3214.12 

II 

2003-33107 

9 

2910.  28 

II 

22 

3215.26 

II 

3053-34145 

D 

2937  48 

TT 

J.  ± 

44 

321 6  85 

TT 

X  X 

838-31916 

5 

2943.  49 

II 

50 

3218.  61 

II 

10 

2953.  19 

II 

12 

3219.  43 

II 

6 

2962.  74 

II 

22 

3226.  86 

II 

11 

2969.  02 

II 

15 

3228.  50 

II 

7 

2983.43 

II 

22 

3228.  78 

II 

4386-35349 

4 

2991.  57 

II 

60 

3230.  56 

II 

1489-32435 

7 

3021.  01 

30 

3231. 53 

II 

838-31775 
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Samarium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

1  0 
Xc 

9nn'^  _  ■^90*?  t; 

•7 

.5.5X7,  Do 

y 

36 

3233.  68 

n 

36 

3320.  16 

II 

1489-31600 

60 

3236.  64 

9 

3320.  59 

xc 

jLj 1 ,  07 

1  nn 

X  UU 

.5.5^:1.  10 

'inc.'!     'xn  c,A 
^UD.5  —  jjXdh 

'^O'^Q  AA 
jCj7,  DO 

"^Ql  n  —  '^47AR 
J>  yXU  —  JH  1  DO 

9ft 
Co 

JJCJ,  1  1 

y  y 

AA 

■^97  —  "^1  1  71 
jC  1      JJXX  /  X 

9R 
Co 

JJCD,  CO 

y  y 

15 

3241.  59 

II 

1518-32359 

14 

3325.  48 

II 

15 

3242. 04 

{J 

28 

3327.  88 

II 

■^944  AQ 

7 

■^'^9Q  A9 

J  J Cy ,  OC 

J7  XV  —  .5^7.)D 

7 

"KOA^  fin 

1 4Qn  —  '^99Qn 

7 

JJJC,  1  u 

y  y 

9Aftq  —  "^9  AftA 
CO 07  —  ^^uOD 

-1049  7c; 

1  4 

X  H 

.yJ'J?-'.  OH 

y  y 

47ftA  —  "^4"^  7^ 

60 

3250.  37 

II 

0-30757 

7 

3335.  03 

II 

30 

3253.  40 

14 

3336.  12 

II 

2238-32204 

cc 

JL.DJ,  yH 

11 

"^OR"^  —  '^'^77A 

JUJJ       J J  I/O 

7n 

JJHV, JO 

"^97  _  'xno^'x 
JC  1  —  .5U^D.5 

70 

/  u 

J/t.J'r.  JO 

"=^97  —  "^1  04"=; 
JC  1     j±  yjHj 

7 

'^'^A^  4"^ 

JJ.5HX.  Hj 

y  y 

ft-^ft  _ n7c;7 
0.50  —  J\J  1  0  1 

Q 

/ 

y. 

C.L.JO  JCvHJ 

9n 

c  u 

-'.5HJ.  H7 

y  y 

7 

3258.  25 

II 

2003-32686 

9 

3343.  64 

II 

30 

3262.  28 

2689-33333 

20 

3344.  35 

II 

3053-32945 

■^PAd  Q4 

99-10  _'i9ftc;R 

7 

-JJJHO,  Jj 

^"^1  ft  —  t;i  q9 

JJXO  —  .5Di7c 

xo 

'%97n  4Q 

7 

'^■^4A  Ql 

.5J/HO.  yX 

y  j 

J  L.  1  \Ju  DO 

1 4 
xt 

"^"^47  "^n 

.5.5H  1  »  JU 

y  y 

"^Ql  n  —  '^'^77A 

.571  U  —  .5.5  110 

36  d 

3272. 48 

II 

20 

3348.  68 

II 

3272.  60 

18 

3350.  88 

II 

/  ^.  ox 

•^nt;9  — 

Jyjjc  JJjyv 

%A  H 

'^'^^4  1ft 
->.5jH.  XO 

OR"^  —  '^9Rt^ft 

J\jD  J  —  JCoOQ 

7 

■^97"^  "^9 

/  J,  JC 

y  y 

•>,AQQ  _  'i4n4n 

.5.5DH.  JV 

y  y 

A 

4fi 

1  M-O 

yy 

1  4 

XH 

'i'i.c.A  79 
JJDH,  ic 

y  y 

7 

3275.  87 

II 

1489-32007 

7 

3361.  43 

II 

36 

3276.  75 

jj 

3910-34419 

7 

3364.  80 

II 

£.C 

■^9Rn  f!4 

1  nn 

X  UU 

.5.5DD.  00 

XD 

"^9^"=;  AA 

JL.OD,  OD 

y  y 

1  4RQ  —  "^1  Ql  A 
XHOy      J  Xv  XO 

1 9 
xc 

•^•1A7  97 
.5.50  1 ,  c  1 

jy 

JyXV  —  .5.5D77 

A 

■=59fiA  9"^ 

yy 

JyX\J  JHJJX 

9R 
<.o 

■^-^Aft  ^7 

y  y 

99'^R  _  'il  qi  A 
cCjo  —  .5171D 

7 

3286.  54 

II 

2689-33107 

7 

3369.  04 

II 

60  d 

3290.  28 

28 

3369.  46 

II 

2689-32359 

"^AQQ  —  '^'^Rft9 

1 4 

XH 

J  J  1  U.  D7 

"^97  —  9qqftA 

J  C  1  —  C770O 

J.  3 

^9Qn  A^ 

y| 

9R 

CO 

'^'^71  91 
J  J  1 X,  CX 

y  y 

A'^Rf^  —  '^4n4n 

H.500  —  .5HUHU 

^  u 

'!i9Q'^  "^7 

y  y 

cyjvj  JC.JJV 

1  9 

X  C 

'^'^7A  4ft 
JJIO,  HO 

y  y 

"i/iqq  _  -I'll  n7 

.5H77  —  .5.51U  / 

30 

3295.44 

II 

6 

3377.  81 

II 

2003-31600 

36 

3295.  81 

jj 

838-31171 

100 

3382.  40 

II 

1489-31045 

Afl 

'^9QR  in 
^ t  / 0.  xu 

49 

He. 

■^"^04  AA 

JJOHt  00 

'^nt;'^  —  '^9^ftQ 

JyJDJ  —  J  CD  Oy 

■^■^nn  Qft 

yy 

1  4ftQ  —  "^1  77c; 

XHOy      JXI  IJ 

1  9 
XC 

'^'^RA  RA 
.5.50H.  00 

■^■^m  Aft 

y  y 

■xq-\  n  —  "^41  ftq 

5 

.5J70ZJ.  J7y 

y  y 

997ft  _  7AR 
CCJO  —  JJi  1  DO 

28 

3304.  52 

II 

0-30253 

12 

3387. 66 

II 

28 

3305.  18 

2689-32935 

34 

3389.32 

II 

4386-33882 

itu 

JJUO,  J7 

"iQi  n  —  "^41 4^ 

^yXU      JH  X^J 

1  9 
X^ 

.5.5  71.  i  i 

1  ASiQ  —  "^nq  AO 

IHO7  —  .5U707 

J.  H 

■^■^nA  AT 
jjyJO,  OX 

y  y 

"^4 

.3H 

'^'^QA  1  Q 

J>H77  —  JCy  JD 

/  u 

'^■^n7  n9 

y  y 

1  9 
X^ 

'l'iq7  7A 
.5.57  / .  /  D 

y  y 

28 

3309.  52 

II 

838-31045 

12 

3399.  84 

II 

70 

3310. 66 

2238  —  32435 

50 

3402. 46 

3053-32435 

50 

3312.42 

1489-31670 

17 

3403. 09 

34 

3316.58 

70 

3408. 68 

295 


Samarium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

-7 
1 

^411, 

lu 

•2cc;o  "^0 
333^.  3U 

T  T 
11 

0     OCT  A1 

U  —  ^0143 

7 

3413.  90 

II 

2238-31522 

20 

3554.  15 

II 

2689-30817 

22 

3418.15 

II 

14 

3556.  74 

II 

2238-30346 

JO 

"2/1 1  Q  m 
^41o. 31 

rr 

•201  n     'i'2i  c/i 
37I U  —  33134 

14 

333  /.  30 

T  T 
1  1 

•207  OQAOQ 

1  /I 

-J  /I  n  n  7-7 

II 

AO 

3337.  lU 

T  T 
1  1 

"3/1 0/1  70 
^4^4,  to 
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^  / -J  J.  .  O  / 

T 

i. 

1  2 

X  C 

TT 
X  X 

8 

3954.  20 

II 

1489-26772 

10 

4038.10 

II 

3499-28256 

2.0 

3954.  97 

40 

4041.  68 

II 

1518-26254 

3.5 

3957.  52 

II 

50 

4042.  72 

II 

327-25056 

8 

3958.  72 

II 

2689-27942 

60 

4042. 90 

II 

838-25566 

-2QCQ  C-2 

T  T 

J.  J. 

1  6 

X  \J 

4044  1 1 

T  T 

X  X 

13 

3961. 80 

II 

38 

4045.  05 

II 

838-25553 

6 

3962.  13 

I 

30 

4046.  16 

II 

838-25546 

6 

3962. 24 

II 

3499-28730 

50 

4047.  16 

II 

1489-26191 

100 

3963.  00 

II 

7 

4047.35 

II 

2238-26938 

TT 
X  X 

1  4 

404R  A2 

TT 
X  X 

6 

3966.34 

II 

4386-29591 

5 

4049.  58 

II 

2003-26690 

32 

3967.  68 

II 

5318-30514 

40 

4049.  81 

II 

0-24686 

50 

3970.  53 

II 

0-25178 

30 

4058.  87 

II 

3910-28540 

100 

3971. 40 

II 

3499-28672 

38 

4063.  54 

II 

327-24929 

•^974  4^ 

T  T 

J.  x. 

19 

J-  / 

4064  3? 

TT 

X  X 

42 

3974.  66 

I 

2273-27426 

95 

4064.58 

II 

2689-27285 

11 

3975.  22 

II 

2238-27387 

55 

4066.  74 

II 

2238-26821 

65 

II 

838-25980 

48 

4068.  33 

II 

3499-28073 

70 

3976.  43 

II 

2689-27830 

55 

4075.  84 

II 

4386-28914 

03 

TT 
X  X 

1  9 

X  / 

4076 

T  T 

X  X 

3.5 

3980.  88 

II 

6 

4076.  86 

II 

327-24848 

50 

3983.14 

II 

3053-28151 

7 

4079.  83 

I 

2273-26777 

10 

3986.  00 

II 

1518-26599 

16 

4080.  56 

II 

2689-27188 

2.0 

3986.  21 

II 

9 

4081. 97 

II 

1489-25980 

50 

3986.  68 

II 

1489-26566 

28 

4082.  60 

II 

5318-29805 

10 

3986.  90 

II 

6 

4083. 24 

II 

5318-29801 

25 

3987. 43 

II 

2238-27310 

19 

4083. 58 

II 

2003-26485 

100 

3990.  00 

II 

0-25056 

15 

4084.  40 

II 

2689-27165 

3990.  02 

I 

3125-28181 

3.0 

4086.16 

10 

3991. 02 

I 

2.0 

4089.  48 

50 

3993.  31 

II 

327-25361 

70 

4092. 27 

II 

0-24430 

6 

3995.  59 

II 

3.5 

4093.  04 

II 

3499-27924 

13 

3998.  35 

I 

20 

4094. 05 

II 

2689-27108 
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8 

4098.  97 

II 

2689-27078 

11 

4192.16 

II 

838-24686 

4 

4099.  96 

I 

3.  0 

4197.90 

II 

1489-25304 

16 

4104.13 

II 

327-24686 

18 

4199.  45 

II 

4386-28192 

6 

4106.  62 

II 

4386-28730 

1.8 

4201. 22 

II 

2689-26485 

55 

4107.  28 

II 

838-25178 

44 

4202. 92 

II 

3910-27696 

4107.  39 

II 

4386-28726 

75 

4203. 05 

II 

3499-27285 

4 

4107  80 

II 

838-25175 

3  5 

4204  fi2 

TT 

±  X 

30S3  — ?6fl?8 

9 

4108.32 

II 

3053-27387 

11 

4205. 78 

I 

28 

4109.  40 

II 

2238-26566 

45 

4206.  13 

II 

3053-26821 

19 

4110. 19 

II 

5318-29641 

18 

4206.  62 

II 

4386-28151 

28 

4113. 90 

II 

1489-25790 

45 

4210.  35 

II 

838-24583 

13 

4116.  46 

II 

2689-26974 

7 

4213.  05 

II 

3910-27639 

130 

4118.  55 

II 

5318-29591 

1.8 

4213! 94 

II 

10 

4119. 57 

II 

2238-26506 

7 

4218.  63 

I 

28 

4121.  36 

II 

3053-27310 

3.5 

4219. 31 

I 

293-23986 

8 

4121. 54 

II 

327-24583 

12 

4220.  14 

II 

3499-27188 

19 

4122.  51 

II 

2003-26254 

50 

4220  66 

II 

4386-28072 

48 

4123.  96 

II 

3910-28151 

10 

4223. 70 

II 

2689-26358 

4 

4125.  23 

I 

3.  5 

4224.  23 

II 

3499-27165 

6 

4125.  85 

II 

70 

4225.33 

II 

1518-25178 

2.  0 

4128.12 

10 

4226. 18 

I 

812-24467 

19 

4129.  23 

II 

2003-26214 

50 

4229.  70 

II 

327-23962 

7 

4133. 19 

II 

2003-26191 

3.5 

4230.  73 

I 

0-23630 

17 

4135. 14 

II 

5318-29494 

42 

4234.  57 

II 

3499-27108 

3.0 

4135.  50 

I 

1490-25664 

80 

4236.  74 

II 

5318-28914 

3.5 

4138.  97 

II 

4386-28540 

34 

4237.  66 

II 

838-24430 

5 

4142.  81 

II 

3  0 

4240. 45 

I 

1490-25065 

5 

4145!  24 

I 

42 

4244.  70 

II 

2238-25790 

11 

4146.  75 

II 

1489-25598 

8 

4245.  18 

II 

2003-25553 

22 

4147.  71 

II 

327-24430 

3.5 

4247.  39 

II 

1518-25056 

55 

4149.  83 

II 

838-24929 

14 

4249.  55 

II 

2689-26214 

80 

4152  21 

II 

1489-25566 

X~l_J/         ^  -J  ^  \J  \J 

17 

4251. 78 

II 

3053-26566 

36 

4153.  33 

II 

5318-29388 

4 

4253! 72 

II 

3499-27001 

38 

4155.  22 

II 

4386-28445 

140 

4256. 39 

II 

3053-26540 

9 

4156.25 

II 

3499-27553 

14 

4258.  58 

II 

3499-26974 

7 

4159.40 

II 

1518-25553 

3.5 

4259.  39 

II 

2689-26160 

7 

4159  51 

TT 

2689-26724 

85 

4262  68 

II 

X  X 

3053-26506 

11 

4163. 14 

II 

34 

4265.  08 

II 

1489-24930 

7 

4163.  72 

II 

838-24848 

8 

4266.  31 

I 

812-24245 

3.0 

4165.  54 

II 

2.5 

4269.  77 

II 

2003-25417 

3.5 

4166.  34 

II 

3.5 

4270.  73 

II 

1489-24898 

55 

4169.48 

II 

2003-25980 

10 

4270.  84 

II 

5318-28726 

28 

4171. 57 

II 

3499-27464 

3.  5 

4271.  86 

I 

2273-25676 

13 

4174.43 

II 

3053-27001 

3.5 

4272. 01 

II 

1518-24920 

30 

4178.  02 

II 

4386-28314 

80 

4279.  68 

II 

2238-25598 

4279.  75 

II 

1489-24848 

36 

4181.10 

II 

2689-26599 

14 

4183.33 

I 

1490-25387 

16 

4279.  94 

II 

2003-25361 

36 

4183.  76 

II 

327-24222 

6 

4280.  32 

II 

838-24194 

70 

4188.13 

II 

4386-28256 

150 

4280.  79 

II 

3910-27263 

28 

4191.  93 

II 

13 

4281. 01 

II 
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length 
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48 

4282.  21 

J 

3125-26471 

30 

4373.  46 

II 

3499-26358 

32 

T  T 

1  J. 

"^97  —  9*^1  77 

16 

4283.  50 

I 

812-24151 

60 

4378.  24 

II 

5318-28151 

4284.  53 

II 

36 

4380.  42 

I 

1490-24312 

3.5 

4285. 50 

II 

2238-25566 

20 

4384.  29 

II 

4386-27188 

24 

4286.  64 

II 

3499-26821 

8 

4386. 22 

I 

2273-25065 

2.5 

Hc.7  L,  Oc. 

T  T 

1  J. 

i.  H 

HJ?00,  y  y 

T  T 
1 1 

24 

4292.  18 

II 

2689-25980 

110 

4390.  86 

II 

1489-24257 

4 

4295.  74 

II 

3499-26772 

1.4 

4392.  60 

II 

0-22759 

110 

4296.  74 

I 

4021-27288 

14 

4393.  35 

I 

1490-24245 

6 

4299. 14 

293-23547 

20 

4397.  34 

I 

812-23547 

6 

T  T 
1 1 

HJOD  —  c.  1  Ojy 

D 

T  T 
1 1 

A'^RA  —  971  OR 

3.0 

4301.  28 

812-24054 

28 

4401. 17 

I 

3125-25840 

4304.  94 

II 

5318-28540 

55  d 

4403.  06 

II 

1489-24194 

60 

4309. 01 

II 

1489-24690 

4403.  13 

I 

2273-24978 

16 

4312.  85 

2273-25453 

28 

4403.  36 

II 

1518-24222 

12 

T  T 
1  1 

c.\j\j  J  —  c.z)i.  1  0 

7 

T  T 
X  J. 

5 

d 

4315. 35 

II 

4 

4407.  52 

II 

2003-24686 

4315.  38 

II 

4386-27553 

35 

4409.  33 

II 

2689-25361 

130 

4318.  94 

II 

2238-25385 

20 

4411.  58 

I 

1490-24151 

32 

4319.  53 

1490-24634 

8 

4411.  83 

r 

2238-24898 

40 

T  T 
1  1 

OjO  —  L.jyOc. 

c.  O 

HHx  1 ,  DO 

T  T 
1  J. 

16 

4324.  46 

2273-25391 

32 

4419.  33 

I 

293-22914 

3  n 

4327.  51 

II 

2689-25790 

100 

4420.  53 

II 

2689-25304 

120 

4329.  02 

II 

1489-24583 

65 

4421.  14 

II 

3053-25665 

30 

4330.  02 

293-23381 

5 

4423.  38 

I 

293-22893 

8 

AA7A  "KA 

T  T 
1 1 

n  —  9  ACiriA 

Jy  lu  —  cDDUD 

90 

4334.  15 

II 

2238-25304 

2.5 

4426.  01 

II 

60 

4336.  14 

I 

3125-26182 

12 

4427.  58 

II 

2003-24583 

3.0 

4336.  78 

5 

4427.  81 

II 

2238-24816 

6 

4338.  96 

{ 

812-23852 

32 

4429.  66 

I 

812-23381 

2.5 

o 
o 

AA'X'X  DR 

T 

I 

OQ'X  _  OORAA 
C.V  J  —  C.C.OHH 

2.5 

h 

4342. 38 

II 

110 

4433.  88 

II 

3499-26046 

38 

4345.  86 

II 

838-23842 

120 

4434.  32 

II 

3053-25598 

6 

4346.  49 

II 

4386-27387 

36 

4441.  81 

I 

1490-23997 

75 

4347.  80 

{J 

3053-26046 

30 

4442. 28 

I 

812-23317 

38 

■aqi  n  _  9  abrq 

—  COOOv 

y 

AAA7  m 

TT 
J.  1 

1.6 

4350.  82 

I 

1490-24467 

3.5 

4443.  27 

I 

2273-24773 

o 

4352.  10 

II 

48 

4444. 26 

II 

1.6 

4357.  90 

I 

3125-26066 

48 

4445.  15 

I 

3125-25616 

38 

4360.  72 

2003-24929 

2.5 

4445. 88 

15 

H^Di.  U  / 

TT 

Zl'^RA  —  9771  n 
H^OD  —  c.  1  J  lU 

Jm  u 

AAAU  QU 

T  T 
1 1 

"XAQQ  _  9i;QRn 
jHyy  —  c.D70\J 

55 

4362.  04 

II 

3910-26828 

90 

4452.  73 

II 

2238-24690 

30 

4362. 91 

I 

0-22914 

17 

4452. 95 

I 

4021-26471 

15 

4363.  45 

II 

1518-24430 

80 

4454.  63 

II 

4386-26828 

1.6 

4364.  05 

6 

4456.  11 

II 

4386-26821 

3.0 

4365.  95 

"l 

812-23710 

70 

4458.  52 

II 

838-23261 

34 

4368.  03 

3053-25940 

17 

4459.  29 

I 

812-23231 

14 

4369.  92 

2689-25566 

2.  0 

4463.  90 

I 

2273-24669 

3.0 

4370.  48 

5318-28192 

150 

4467.  34 

II 

5318-27696 
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6 

4469.  66 

II 

20 

4581. 58 

I 

812-22632 

55 

4470.  89 

I 

2273-24634 

30 

4581.73 

I 

4021-25840 

32 

4472  43 

IT 

1489  —  23842 

38 

4'i84  8"? 

TT 
X  X 

42 

4473. 02 

II 

2238-24588 

3.  0 

4589. 43 

II 

5 

4475.18 

II 

838-23177 

20 

4591. 82 

II 

1489-23261 

3.5 

4477.  50 

I 

3125-25453 

26 

4593.54 

II 

3053-24816 

50 

4478.  66 

II 

2.5 

4594. 59 

II 

8 

4480  32 

T 

0-22314 

38 

TT 
X  X 

2.0 

4485.  57 

II 

16 

4596.  74 

I 

1.8 

4490. 02 

I 

3125-25391 

6 

4598. 35 

II 

2689-24430 

1.6 

4495.14 

II 

2689-24929 

4 

4603.12 

II 

25 

4499.11 

I 

1490-23710 

15 

4604.18 

II 

327-22040 

25 

4499  48 

IT 

2003-24222 

20 

"  U  U         _^  X 

TT 

X  ± 

4 

4501. 38 

II 

2689-24898 

3.0 

4606.  88 

II 

16 

4503.  38 

I 

293-22492 

5 

4611.25 

I 

812-22492 

12 

4505. 05 

II 

2003-24194 

5 

4613.  50 

II 

2689-24358 

8 

4511.33 

I 

4021-26182 

20 

4615.  44 

II 

4386-26046 

38 

4511  83 

TT 

J.  J. 

1  489  —  ?3f)47 

32 

4A1  5  A9 

TT 

X  X 

1 1^1  8  — P"^!  77 

30 

4515. 09 

II 

2.  0 

4616.49 

II 

0-21655 

2.0 

4517.  27 

II 

1.0 

4620.  25 

II 

60 

4519.  63 

II 

4386-26506 

1.6 

4624.  97 

II 

10214-31830 

4 

4522. 55 

I 

1490-23595 

2.0 

4629.  43 

I 

4021-25616 

30 

45?3  04 

TT 

J.  X. 

10 

4A3n  21 

T  T 

X  X 

4523.18 

I 

812-22914 

6 

4636.  26 

II 

44 

4523.  91 

II 

3499-25598 

60 

4642.  24 

II 

3053-24588 

4 

4527. 42 

I 

812-22893 

20 

4645.40 

I 

293-21813 

5 

4532. 44 

I 

1490-23547 

20 

4646.  68 

II 

2238-23753 

4533  fin 

T 

J. 

A 

4A47  53 

TT 

X  X 

1531  8  — 2A828 

18 

4536.  51 

II 

838-22875 

16 

4648.16 

II 

0-21508 

48 

4537. 95 

II 

3910-25940 

26 

4649.49 

I 

812-22314 

10 

4538.  53 

II 

10 

4655.  13 

II 

3910-25385 

20 

4540.  19 

II 

2238-24257 

20 

4663.  56 

I 

2273-23710 

4547  DfS 

"     "  t.  »  \J\J 

TT 

JL  Jl 

5 

4f)A5  13 

TT 

X  X 

34QQ  _24929 

55 

4543.  95 

II 

2689-24690 

50 

4669.40 

II 

838-22248 

7 

4544.  83 

II 

2689-24686 

42 

4669.  65 

II 

2238-23647 

2.0 

4545.  81 

II 

5318-27310 

32  d 

4670.  75 

I 

1490-22894 

3.0 

4550.  03 

I 

2273-24245 

4670.  83 

I 

1490-22893 

28 

4552.  66 

II 

2003-23962 

110 

4674.  60 

II 

1489-22875 

18 

4554.  45 

II 

838-22789 

70 

4676.  91 

II 

327-21702 

6  d 

4556.  54 

II 

22 

4681. 55 

I 

1490-22844 

4556.  63 

I 

3125-25065 

8 

4682. 69 

II 

3499-24848 

16 

4560.  43 

II 

327-22248 

38 

4687.  18 

II 

327-21655 

J-.  ^ 

4'^Al    1  Q 

T  T 

■^8 

4A88  73 

T 

X 

2273  —  23595 

4 

4564.10 

II 

0-21904 

4 

4689.  57 

II 

327-21645 

32 

4566.  21 

II 

2689-24583 

13 

4693. 63 

II 

1489-22789 

4 

4566.  77 

I 

1490-23381 

12 

4699.34 

II 

2689-23962 

2.5 

4569.  58 

I 

2273-24151 

55 

4704.40 

II 

0-21251 

40 

4577.  69 

II 

2003-23842 

6 

4710.  64 

II 

5318-26540 

3.0 

4578.  72 

II 

28 

4713.  06 

II 

4386-25598 

5 

4579.  09 

II 

8 

4714.  62 

II 

3053-24257 
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13 

4715.  26 

II 

838-22040 

1  4 

X  •  1 

4914.  30 

II 

X  X 

75 

4716.10 

44 

4918!  99 

I 

1490-21813 

28 

4717.  07 

0-21194 

8 

4920.  38 

II 

8679-28997 

22 

4717.  72 

II 

3499-24690 

6 

4923.  83 

II 

X  X 

4386  —  24690 

4718*  33 

IT 

X.  X 

5318—26506 

11 

4924*  04 

T 

X 

4021  — ?43?4 

3  0 

4718.  64 

T 

3125-24312 

3  0 

4929.  56 

II 

X  X 

5318-25598 

28 

4719!  84 

II 

327-21508 

6 

4936!  03 

II 

3499-23753 

3.5 

4720.  12 

II 

4386-25566 

16 

4938. 10 

II 

2003-22248 

3  0 

4721  39 

II 

2003-23177 

yJ  \J  ^         L-  ^  -L.  1  1 

13 

4946.  32 

I 

1490-21701 

13 

4726.  02 

II 

2689-23842 

24 

4948!  63 

II 

4386-24588 

80 

4728.  42 

T 

1490-22632 

16 
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^.  -J 

6179.41 

I 

1.2 

h 

6403.  98 

3.0 

h 

Al  7q  RS> 

OX  /  7.  0<l 

T  T 
X  X 

XUXOX 

1  A 
X.  o 

11 

A4nA  94 

1  OQAn  —  26566 

Al  Rl  nc; 

T  T 
X  X 

1  ■^dAA  —  9QA41 

A 
t 

A417  ^n 

DHX  /  .  -?U 

y  y 

RA7Q  — 94257 

4 

h 

DlOil,  07 

T  T 

1  1  nqA  —  979  A'^ 

D 

A49A  A4 

DH^O.  OH 

y  y 

±*tUO_/       t.  /OHX 

3.  0 

6188.  00 

II 

9410-25566 

3.0 

6428. 32 

II 

4 

6192. 64 

1.  4 

D^ilO.  7't 

2.5 

6194.  39 

I 

3125-19265 

3.  0 

6431. 00 

10960-26506 

1.  4 

6198.  14 

II 

1.4 

6431. 96 

11395-26938 
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Samarium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
ieiigLii 
in  A 

Spec- 
trum 

Energy 

T  ^  T      1  c 

J_jC,  V  C  X  O 

in  xS. 

Intensity 

cLilU. 

Wave- 
±c  ng  un 

Spec- 
trum 

Ene  rgy 

1.4 

6435.  34 

I 

10 

6693. 55 

II 

13604-28540 

1.  0 

6447.  56 

1  6 

h 

6694  69 

II 

12232  —  27165 

1.  6 

6452! 08 

I 

2.0 

6703.  61 

I 

17655-32568 

2.  0 

6455.  60 

II 

11799-27285 

3.  0 

h 

6707.  45 

II 

7525-22429 

1.4 

6456.25 

II 

2.  0 

6712.  62 

II 

12045-26938 

1.4 

6457.  55 

I 

6 

d 

6723.  07 

I 

0.  6 

6459.  36 

I 

6723.  26 

I 

2.  5 

h 

6470!46 

II 

10214-25665 

4 

6724.  73 

I 

16859-31726 

1.  4 

6471. 59 

I 

3.  0 

6725.  88 

I 

0-14864 

6 

6472.34 

II 

11094-26540 

17 

d 

6731.  84 

II 

9407-24257 

5 

6484.  52 

II 

10181-25598 

10 

d 

6734.  06 

II 

11094-25940 

4 

6487  62 

II 

9407-24816 

6 

d 

6734.  81 

II 

12045-26889 

4 

6490.  82 

II 

12790-28192 

8 

6741. 47 

II 

8046-22875 

5 

6498.  67 

II 

8579-23962 

2.5 

h 

6754.  68 

II 

11799-26599 

1.2 

6502.  00 

II 

12567-27942 

6754. 85 

I 

1.  8 

h 

6507.  70 

2.5 

6759.  25 

I 

4021-18811 

4 

hi 

6509.  44 

I 

0  293-15651 

2.  0 

6766.  52 

II 

11791-26566 

1.  8 

h 

6526.'  64 

II 

3.0 

6778.19 

II 

11791-26540 

2.  5 

h 

6528.  02 

I 

2273-17587 

6 

h 

6778.  61 

II 

10181-24929 

2.5 

h 

6529. 70 

I 

2.0 

h 

6780.  03 

II 

2.  5 

h 

6532.  25 

I 

812-16116 

2.5 

h 

6781. 17 

II 

8046-22789 

6533  96 

I 

812-16112 

3  0 

6782. 95 

II 

7 

6542. 76 

II 

11799-27078 

9 

6790! 00 

II 

7525-22248 

2  5 

6544.  57 

II 

9410-24686 

2.0 

h 

6792. 55 

II 

12567-27285 

2.5 

h 

6549.  77 

II 

8579-23842 

14 

6794. 20 

II 

11791-26506 

1.8 

h 

6551. 80 

I 

1490-16748 

3.0 

h 

6802.  96 

I 

812-15507 

20 

6569  31 

IT 

12045-27263 

6803. 1 

I 

5 

h 

6570.  67 

II 

8046-23261 

1.4 

6807.*  50 

I 

4 

6574.  38 

II 

3.0 

h 

6808.  31 

I 

15507-30191 

6 

h 

6585.  21 

II 

9407-24588 

1.2 

6813. 4 

II 

1.  0 

h 

6587.  54 

I 

2.0 

h 

6820.  91 

I 

14380-29037 

4 

6588.  91 

I 

3125-18298 

4 

6829  86 

II 

10960-25598 

16 

6589.*  72 

II 

10214-25385 

2.5 

6830.  54 

I 

14916-29552 

1.  8 

6591. 50 

1.8 

h 

6837.  20 

6 

6601. 83 

II 

12045-27188 

2.5 

6838.33 

I 

14 

6604.  56 

II 

14504-29640 

1.4 

h 

6839.  64 

II 

1.  6 

6617.  61 

II 

3.0 

h 

6841.  75 

I 

15579-30191 

0.  9 

6625.  28 

II 

8 

6844. 71 

II 

10960-25566 

3.  0 

h 

6628.  88 

II 

4 

d 

6846.  54 

II 

10214-24816 

2.0 

h 

6630.  61 

II 

12232-27310 

2.0 

6848. 16 

II 

12567-27165 

6848.  31 

I 

6 

h 

6632.  28 

II 

8679-23753 

1.  8 

h 

6646  22 

I 

1  4 

h 

6853. 54 

I 

3.  0 

h 

6649.  02 

II 

2.0 

h 

6854.  50 

II 

11395-25980 

3.0 

6651. 61 

II 

11791-26821 

11 

6856.  03 

II 

8679-23261 

4 

6656.  19 

II 

9410-24430 

1.  4 

h 

6858. 12 

I 

16345-30922 

2.5 

h 

6667.  22 

II 

10181-25175 

17 

6860.  93 

I 

293-14864 

7 

6671. 51 

I 

4021-19006 

6861. 10 

II 

11094-25665 

10 

6679. 21 

II 

8679-23647 

6 

6862. 82 

II 

7135-21702 

2.5 

h 

6681.  53 

II 

11395-26358 

1.2 

6867.  11 

I 

2.5 

h 

6687.  79 

II 

4 

h 

6872. 43 

II 

13604-28151 
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Samarium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1.  4 

h 

6875. 27 

II 

12567-27108 

1.  6 

7189.  57 

II 

1.  8 

h 

6877.10 

II 

1.  4 

7210.  95 

I 

2.  0 

6879.  50 

I 

17194-31726 

3.  5 

7213. 82 

I 

2273-16132 

4 

h 

6885.  16 

II 

12790-27310 

4 

d 

7218.  09 

II 

8579-22429 

2.  5 

h 

6887.  42 

II 

2.  0 

7220. 07 

I 

16345-30191 

1.  4 

6900.  28 

II 

10874-25361 

2.  0 

7237.  02 

II 

12232-26046 

1.  4 

6904. 51 

II 

9 

7240.  90 

II 

11791-25598 

2.  5 

6906.  22 

I 

1.  4 

7257.  11 

II 

12790-26566 

2.0 

6909.  81 

II 

12842-27310 

1.4 

d 

7261. 45 

II 

9410-23177 

2.  0 

d 

6918.  78 

I 

2.  0 

7279.  25 

I 

3125-16859 

6919.  03 

I 

18119-32568 

4 

7281. 47 

II 

10960-24690 

2.  5 

6927.  03 

II 

9410-23842 

1.  2 

7282.  21 

I 

17194-30922 

1.  8 

6929.  60 

II 

3.  0 

7283.  33 

II 

2.5 

6930.  41 

II 

10960-25385 

2.5 

7288.  92 

II 

12790-26506 

2.  5 

6941. 56 

II 

10181-24583 

2.  0 

7290.  23 

I 

1.  8 

6949.  23 

II 

4 

h 

7300.  72 

II 

5 

6950.  51 

II 

8046-22429 

2.  0 

7327."  08 

II 

18 

6955. 29 

II 

10214-24588 

2.  0 

7332. 65 

I 

4021-17655 

1.4 

6958.  97 

II 

1.2 

7338.  04 

I 

2.  5 

6968.  65 

II 

9407-23753 

4 

7347.  30 

I 

18119-31726 

2.  0 

6984.  16 

II 

4 

7376.  69 

II 

12045-25598 

2.  0 

6988.  36 

I 

2.  0 

7393. 98 

II 

2.  0 

6993. 40 

II 

5 

7444.  56 

I 

14 

7020.  44 

II 

9407-23647 

4 

7445. 41 

I 

2.  0 

7036.  73 

II 

4 

d 

7453. 03 

II 

12567-25980 

14 

7039.  22 

II 

8046-22248 

2.  0 

7470.  76 

I 

14 

7042.  24 

II 

8679-22875 

4 

7481.  99 

II 

13466-26828 

2.  0 

7049.  15 

II 

3.  5 

h 

7502. 39 

II 

8579-21904 

14 

7051. 52 

II 

7525-21702 

1.6 

h 

7517.  00 

II 

2.  5 

7054.  97 

II 

11395-25566 

3.  5 

h 

7541. 42 

II 

12790-26046 

3.  0 

7074.  67 

I 

1.  4 

7544. 74 

I 

14 

7082.  37 

II 

7135-21251 

1.  6 

7546.  57 

I 

6 

d 

7085. 52 

II 

8679-22789 

1.  8 

h 

7560.  15 

II 

13604-26828 

4 

7088.  30 

I 

812-14916 

3.0 

7562. 94 

II 

2.  5 

7091. 16 

I 

4021-18119 

3.  5 

7570. 95 

II 

12842-26046 

5 

7095.  50 

I 

1490-15579 

3.  5 

7572. 29 

II 

2.  5 

7096.  33 

I 

293-14380 

3.  0 

7578.  09 

II 

14504-27696 

5 

7104.  54 

I 

2273-16345 

5 

7585.  77 

II 

14085-27263 

3.0 

7106.  23 

I 

3125-17194 

3.5 

7588.  31 

II 

4 

7115. 96 

I 

1.  6 

7598. 01 

I 

3.  5 

7117.  51 

II 

3.  5 

d 

7607  48 

II 

4 

h 

7119.*  81 

II 

7607.  74 

I 

15567-28708 

1.  8 

7122.  40 

II 

14115-28151 

1.  8 

7613. 94 

II 

11799-24929 

3.5 

h 

7125. 11 

II 

12790-26821 

1.6 

h 

7631.  77 

II 

11799-24898 

2.  0 

7131.  80 

I 

1490-15507 

3.  5 

7637.  94 

II 

10874-23962 

1.6 

7136.  01 

I 

7 

7645.  09 

II 

8579-21655 

1.8 

7139.39 

II 

1.8 

7645.  82 

I 

6 

d 

7143. 98 

II 

8046-22040 

3.0 

7648.  02 

II 

12232-25304 

13 

d 

7149! 60 

II 

7525-21508 

1.6 

7655.  78 

II 

12988-26046 

1.6 

7172.  67 

I 

2273-16211 

3.0 

7667.  20 

II 

13466-26506 
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Samarium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1.  2 

7672.  49  II 

1.  6 

h 

7678.  79  II 

9410 

-22429 

1.  6 

h 

7695.  78  I 

3.5 

7712.  04  II 

14115 

-27078 

5 

7728.  56  II 

13604 

-26540 

5 

7736.  26  II 

5 

11^3.3^  II 

13604 

-26506 

3.  5 

7755.  20  II 

11799 

-24690 

1.6 

7794.  50  I 

16211 

-29037 

1.  6 

7801. 54  I 

19753 

-32568 

1.  2 

h 

7812. 75  II 

2.  5 

7820.  15  II 

11799 

-24583 

1.  6 

7831.  40  II 

6 

w 

7835.  08  II 

14504 

-27263 

4 

7837.  27  II 

12842 

-25598 

1.  6 

7844.  82  II 

14085 

-26828 

1.  0 

7859.  53  I 

19006 

-31726 

3.  0 

7863.  65  II 

14115 

-26828 

1.6 

h 

7880.  07  II 

10960 

-23647 

2.  5 

7895.  96  I 

16891 

-29552 

4 

7914.  96  II 

11799 

-24430 

14 

7928.  14  II 

12988 

-25598 

1.  4 

7931.  92  I 

17587 

-30191 

3.  0 

7937.  09  II 

12790 

-25385 

2.  5 

7948.  12  II 

12988 

-25566 

3.  0 

w 

8001.  61  II 

9410 

-21904 

3.0 

w 

8014.  92  II 

13466 

-25940 

3.5 

8025.  12  II 

12232 

-24690 

3.5 

w 

8026.  32  II 

14085 

-26540 

2.5 

8032.  03  II 

11395 

-23842 

6 

8048.  70  II 

14085 

-26506 

2.5 

8065.  16  I 

7 

8068.  46  I. 

14115 

-26506 

1.  4 

w 

8117. 16  I] 

[  12988 

-25304 

1.  4 

8125.12  I] 

[  10874 

-23177 

4 

8161.90  I] 

[  10181 

-22429 

3.  0 

w 

8195.  50  I] 

[  13466 

-25665 

1.  0 

8206.  30  I. 

4 

w 

8218.  76  I] 

11799 

-23962 

1.4 

8230. 33  ] 

2.5 

8240.  98  I] 

13466 

-25598 

3.  0 

w 

8289.  26  I] 

[  13604 

-25665 

1.  6 

8300.  88  I. 

11799 

-23842 

6 

w 

8305.  79  I. 

14504 

-26540 

1.  6 

8315.  45  ] 

3.0 

w 

8348.  68  I] 

12842 

-24816 

3.  0 

8383.  71  ] 

3.  0 

8387.  77  I. 

13466 

-25385 

5 

w 

8432.  64  I] 

[  14085 

-25940 

3.  0 

w 

8473.  54  I] 

[  12790 

-24588 

7 

w 

8485.  99  I] 

[  13604 

-25385 

5 

w 

8510.  90  I] 

12842 

—  24588 

3.  5 

8543.  22  I. 

12988 

-24690 

3.  5 

w 

8617.  03  I] 

[  12045 

-23647 

3.  5 

w 

8632.  82  I] 

[  14085 

-25665 

1.  8 

w 

2.  0 

8706.  32  I] 

[  14115 

-25598 

7 

w 

8708.  43  I] 

[  11395 

-22875 

5 

w 

8717.  89  I] 

[  12790 

-24257 

5 

w 

8758.  28  I] 

[  12232 

-23647 

2.5 

w 

8780.  59 

3.5 

w 

8788.  83  I] 

[  10874 

-22248 

4 

8859.  76 

15 

8913.  66  I] 

[  12045 

-23261 

609065  O  -62  -21 
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SCANDIUM 

Sc,  Z=21,  M=44.96,  Ratio  1^=0.708 

Cu 

Sci  Normal  state  of  valence  electrons  Sd^  As^  ^'Dva=0.  I.P.=  52920  K 
Sen  Normal  state  of  valence  electrons  Sd^^s^^B^  =0.    I.P.  =  103240  K 

References 

Wavelengths : 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden,  (Specola  Vaticana,  Vatican,  1945), 
below  7000  A. 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 

Sons,  New  York,  1939),  above  7000  A. 
The  last  five  lines  in  the  table  are  new. 

Classification : 

Sci  and  Sen,  H.  N.  Russell  and  W.  F.  Meggers,  Sci.  Papers  NBS  22,  329  (1927). 

Molecular  Spectra: 

ScO,  W.  F.  Meggers  and  J.  A.  Wheeler,  J.  Research  NBS  6,  239  (1931). 

Intensities : 

Y.  I.  Ostrovskii  and  N.  P.  Penkin,  Optika  i  Spektroskopiya  3,  391  (1957). 


Relative  intensity  of  scandium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  scandium 


Strong  lines  of  scandium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

2500 

3613. 

84 

II 

178-27841 

3d>4s'a3D3  - 

-3rfi4p' 

2100 

3911. 

81 

I 

168-25725 

3rfi4s2  a  ^D^y,- 

-MHsHp' 

y 

1800 

3630. 

75 

II 

68-27602 

MHs'  a  - 

-3d'4pi 

1800 

3907. 

49 

I 

0-25585 

3rfi4s2  a  2D,H- 

-3rfi4si4pi 

y  'ny. 

1800 

4020. 

40 

I 

0-24866 

3d'4s2  a  2Di>^- 

-3rf'4si4p' 

1800 

4023. 

69 

I 

168-25014 

3rf'4s2  a  2D2K- 

-3d'4si4p' 

y'^2y. 

1400 

4246. 

83 

II 

2541-26081 

3rf'4s'aiD2  - 

-3dHpi 

z  iDl 

1200 

3572. 

53 

II 

178-28161 

SdHs'a^Ds  - 

-3di4pi 

z'm 

1200 

3642. 

79 

II 

0-27444 

3d'4s»a3Di  - 

-3di4pi 

z 

900 

3353. 

73 

II 

2541-32350 

3rf'4s'aiD2  - 

-3d'4pi 

2  'F3 

900 

3576. 

35 

II 

68-28021 

3d'4s'a5D2  - 

-3d'4pi 

z^m 

700 

3580. 

94 

II 

0-27918 

3di4s'a3Di  - 

-3d'4pi 

2  3Df 

600 

3372. 

15 

II 

178-29824 

3rf'4s'  a  - 

-3rf'4pi 

z 

600 

3558. 

55 

II 

68-28161 

3dHs'  a  3D2  - 

-3d'4pi 

Z'T>3 

600 

3645. 

31 

II 

178-27602 

3rfi4s'a5D3  - 

-3rf'4pi 

z  3F| 
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Scandium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
in  j\ 

Spec- 
trum 

Energy 

T   c» TrO  1  G 

in  K" 
111  xV 

Intensity 

cLXlU. 

Wave- 
in  r\ 

Spec- 
trum 

Energy 
Levels 

in  vc 
m  r\. 

4 

2429.  16 

8 

3439. 41 

I 

15757-44823 

7 

2438.  62 

6 

3440.  18 

42 

2545.  22 

II 

68-39345 

6 

3448.  49 

I 

16027-45016 

220 

2552. 37 

II 

178-39345 

24 

3457.  45 

I 

16211-45126 

42 

2555.  82 

II 

0-39114 

16 

3462. 19 

I 

16141-45016 

170 

2560.  25 

II 

68-39114 

12  d 

3469.  65 

16010-44823 

85 

2563. 21 

II 

0-39002 

10 

3471.  13 

J 

16022-44823 

3.  0 

2611.  22 

II 

26081-64366 

18 

3498.  91 

I 

16027-44599 

1.  4 

2684.  23 

II 

39345-76588 

240 

3535.  73 

II 

2541-30816 

10 

2692.  78 

I 

0-37126 

600 

3558.  55 

II 

68-28161 

5 

2699. 11 

III 

25537-62576 

550 

3567.  70 

0-28021 

30 

2706.  77 

I 

0-36934 

1200 

3572.  53 

\\ 

178-28161 

17 

2707.  95 

I 

168-37086 

900 

3576.  35 

II 

68-28021 

48 

2711.  35 

I 

168-37040 

700 

3580.  94 

II 

0-27918 

2.5 

2819. 54 

II 

27918-63374 

360 

3589.  64 

II 

68-27918 

3.  0 

2822.  15 

II 

28021-63444 

360 

3590.  48 

178-28021 

5 

2826.  68 

II 

28161-63528 

2500 

3613.  84 

\\ 

178-27841 

28 

2965.  86 

I 

0-33707 

10 

3617.  43 

100 

2974.  01 

I 

0-33615 

1800 

3630.  75 

II 

68-27602 

120 

2980. 75 

I 

168-33707 

1200 

3642. 79 

II 

0-27444 

28 

2988.  95 

I 

168-33615 

600 

3645.  31 

178-27602 

180 

3015.  36 

I 

0-33154 

10 

3646.  90 

o  o  o 

220 

3019.  34 

I 

168-33279 

480 

3651. 80 

II 

68-27444 

30 

1>^1>^.  76 

I 

168-33154 

10 

3664.  25 

II 

2541-29824 

2.5 

3039.  93 

II 

32350-65236 

26 

3666.  54 

II 

178-27444 

6 

3045.  72 

II 

27444-60267 

5 

3675. 26 

2541-29742 

— 7 

7 

3052.  93 

II 

27602-60348 

3.  5 

3678.  35 

11 

32350-59528 

10 

h 

3056.  31 

7  h 

3717. 10 

11 

3065.  11 

II 

27841-60457 

24 

3833.  07 

II 

0-26081 

4 

3139. 75 

II 

28161-60002 

55 

3843.  03 

II 

68-26081 

90 

3251.  32 

II 

68-30816 

8 

3894.  97 

140 

3255.  69 

I 

0-30707 

1800 

3907.  49 

0-25585 

400 

3269.  91 

I 

0-30573 

2100 

3911.  81 

I 

168-25725 

500 

3273. 63 

I 

168-30707 

4 

3923. 51 

II 

2541-28021 

10 

d 

3343.  28 

II 

27841-57743 

400 

3933.  38 

I 

168-25585 

24 

3352. 05 

II 

0-29824 

4 

3952.  27 

900 

3353. 73 

II 

2541-32350 

4 

3989. 06 

II 

2541-27602 

6 

d 

3357.  30 

500 

3996.  61 

0-25014 

180 

3359.  68 

II 

68-29824 

48 

4014.  49 

II 

2541-27444 

150 

3361. 27 

II 

0-29742 

1800 

4020.  40 

I 

0-24866 

150 

3361. 94 

II 

0-29736 

1800 

4023. 69 

168-25014 

360 

3368.  95 

II 

68-29742 

20 

4030.  67 

{ 

16023-40826 

600 

3372.  15 

II 

178-29824 

13 

4031. 39 

I 

15757-40555 

8 

3416.  68 

I 

15757-45016 

9 

4034.  23 

I 

16022-40803 

3418.  51 

I 

15882-45126 

20 

4043. 80 

I 

15882-40604 

6 

3419.  36 

I 

15673-44910 

18 

A  ^  Jt  y        ft  ^\ 

4046.  48 

16097-40803 

18 

3429.  21 

I 

15757-44910 

240 

4047. 79 

I 

168-24866 

18 

3429. 48 

T 
I 

156  / 3  —  44o^:3 

ii 

A  f\AQ     Q  C 

ioi^i  —  HVOdb 

24 

3431.  36 

I 

15882-45016 

500 

4054.  55 

0-24657 

48 

3435.  56 

I 

16027-45126 

20 

4056.  59 

16027-40671 
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Scandium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Characte: 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

14 

h 

4074.  97 

J 

16022-40555 

2.  5 

4420.  66 

II 

4988-27602 

14 

4078.  57 

I 

16010-40521 

4 

4431.  36 

II 

4883-27444 

550 

4082.  40 

\ 

168-24657 

6 

4542. 55 

14926-36934 

18 

4086.  67 

16141-40604 

8 

4544. 68 

\ 

15042-37040 

36 

4087. 16 

J 

16211-40671 

11 

h 

4557.  24 

J 

21400-43337 

3.  5 

h 

4093.  13 

J 

16097-40521 

14 

h 

4573.  99 

J 

21480-43337 

6 

4094.  85 

I 

16141-40555 

6 

h 

4592.  94 

I 

21400-43167 

5 

h 

4098.  35 

16211-40604 

6 

h 

4598.  45 

21480-43221 

6 

4100.  33 

\ 

15042-39424 

5 

h 

4604.  72 

40 

h 

4133. 00 

J 

15673-39861 

4 

4609. 53 

48 

h 

4140.  30 

J 

15757-39903 

4 

4609.  95 

J 

21480-43167 

6 

h 

4147.  40 

I 

15757-39861 

36 

4670.  40 

II 

10945-32350 

65 

4152. 36 

15882-39958 

4 

h 

4680.  49 

5 

h 

4154. 72 

5 

4698.  29 

II 

4803-26081 

8 

hd 

4161. 88 

J 

15882-39903 

12 

4706.  97 

18516-39755 

100 

h 

4165.  19 

J 

16027-40028 

12 

4709. 34 

J 

18571-39800 

6 

h 

4171. 56 

I 

15757-39722 

20 

4728.  77 

I 

11610-32752 

4 

h 

4186.  45 

50 

4729.  23 

11558-32697 

6 

h 

4187.  62 

15882-39755 

4 

h 

4732. 30 

\ 

16023-37148 

7 

4205.  20 

J 

16027-39800 

60 

4734. 10 

J 

11520-32637 

6 

4212. 34 

J 

16022-39755 

6 

4735. 08 

4 

4212. 49 

I 

16023-39755 

70 

4737. 65 

I 

11558-32659 

7 

h 

4216.  10 

16010-39722 

80 

4741.  02 

11610-32697 

10 

h 

4218.  26 

\ 

16022-39722 

120 

4743.  81 

\ 

11677-32752 

10 

h 

4219. 73 

J 

16010-39701 

20 

4753. 16 

J 

0-21033 

3.  5 

4221. 88 

J 

16022-39701 

22 

4779.  35 

J 

168-21086 

8 

d 

4225.  59 

I 

16141-39800 

9 

4791. 50 

I 

168-21033 

16 

4231. 93 

10 

4827.  28 

\ 

17948-38658 

18 

4233. 61 

16141-39755 

10 

4833.  67 

17919-38602 

9 

4237. 82 

17 

4839. 44 

J 

18000-38658 

36 

4238.  05 

J 

16211-39800 

4 

4840. 47 

J 

17948-38602 

8 

4239.  57 

I 

16141-39722 

8 

4847. 68 

I 

17948-38571 

9 

4246.  12 

16211-39755 

8 

4852.  68 

18000  -38602 

1400 

4246.  83 

II 

2541-26081 

14  Id 

4857. 79 

ScO 

5 

4283. 56 

4858.  09 

ScO 

26 

4294.  77 

J  J 

4883-28161 

8 

4906.  67 

J 

16141-36516 

32 

4305.  71 

II 

4803-28021 

9 

4909.  76 

I 

16211-36573 

380 

4314.  09 

4988-28161 

10 

^922.  84 

16023-36330 

300 

4320. 74 

4883-28021 

10 

4934.  25 

17919-38180 

220 

4325.  01 

J  J 

4803-27918 

5 

4935.  74 

J 

16022-36277 

2.  5 

4348  53 

T 

15882-38872 

8 

4941. 33 

J 

17948-38180 

16 

4354.  61 

II 

4883-27841 

19 

4954.  06 

I 

18000-38180 

10 

4358.  64 

16023-38959 

14 

4973.  66 

\ 

170ii5  -37126 

5 

4359. 08 

17 

4980. 37 

17013-37086 

2.  5 

4364.  92 

9 

4983.  45 

J 

17025-37086 

180 

4374.  46 

II 

4988-27841 

16 

4991. 92 

J 

17013-37040 

12 

4384. 81 

II 

4803-27602 

9 

5018.  39 

17013-36934 

4 

h 

4389. 60 

I 

16097-38872 

8 

5020. 14 

100 

4400. 37 

II 

4883-27602 

9 

5021. 51 

17025-36934 

80 

4415.  56 

II 

4803-27444 

60 

5031. 02 

II 

10945-30816 
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Scandium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
iengtn 
in  A 

Spec- 
trum 

Energy 
Levels 

^  ■«  "XT' 

Intensity 

and 
Character 

Wave- 
length 
m  A 

Spec- 
trum 

Energy 
Levels 
in  K 

6 

5032.  74 

30 

5446.  20 

J 

16211-34567 

28 

^064  3? 

VJU'T.  ^t. 

^^k^\^  —  ^^K^  3S1 

2.  0 

1  4926  —  ■?'^279 

9 

5068.  86 

II 

16023-35746 

13 

5451. 34 

I 

16141-34480 

60 

5070.  23 

I 

11558-31275 

3.  5 

5455.  21 

I 

16097-34423 

28 

5075.  81 

I 

11520-31216 

2.0 

5465.  20 

I 

18856-37148 

240 

5081. 56 

J 

11677-31351 

6 

5468.  40 

16141-34423 

140 

5083  7? 

11  61  0  —  31  275 

7 

5472  19 

J 

120 

5085.  55 

I 

11558-31216 

2.  0 

5474.  64 

85 

5086.  95 

I 

11520-31173 

85 

5481. 99 

I 

15042-33279 

44 

5087.  14 

I 

20237-39889 

60 

5484.  62 

I 

14926-33154 

30 

5089.  89 

20240-39881 

65 

5514.22 

14926-33056 

5 

5092  46 

1.  8 

551 5  39 

44 

5096.  73 

I 

11558-31173 

75 

5520.  50 

I 

15042-33151 

70 

5099.  23 

I 

11610-31216 

5 

5526.  06 

I 

15673-33764 

42 

5101. 12 

I 

11677-31275 

75 

5526.  82 

II 

14261-32350 

20 

5109.  06 

6 

5541. 04 

15757-33799 

17 

5112  86 

3.  5 

5546  40 

15882-33906 

36 

5116.  69 

2.  0 

5550. 40 

I 

18504-36516 

8 

b 

5133. 68 

ScO 

0.  6 

5552. 25 

II 

11736-29742 

5 

b 

5171. 06 

ScO 

4 

5553. 59 

I 

18571-36573 

44 

5210.  52 

I 

20237-39424 

1.  8 

5561.  10 

18516-36493 

5 

5211  28 

8 

5564  86 

j 

15882  —  33847 

32 

5219.  67 

I 

20240-39392 

2.  0 

5571. 24 

I 

18571-36516 

40 

5239.  82 

II 

11736-30816 

1.  6 

5579. 76 

I 

15882-33799 

32 

5258.  33 

I 

20237-39249 

12 

5591. 33 

I 

16027-33906 

4 

5284.  97 

20237-39153 

4 

h 

5593.  38 

J 

21086-38959 

24 

^285  76 

J 

20240  —  391  53 

2.  5 

5604  1 9 

?i _  3fifi72 

4 

5301. 94 

I 

0-18856 

2.  5 

5631.  02 

I 

16010-33764 

2.  5 

5318.  35 

II 

10945-29742 

9 

5640.  98 

II 

12101-29824 

8 

5331.  77 

I 

15673-34423 

5.0 

5646.  36 

I 

16141-33847 

1.6 

5334.  23 

II 

12074-30816 

1.  8 

5647.  60 

16097-33799 

11 

5339  41 

1  STSV  — 344S0 

6 

5649  56 

1  UTK  1  —33906 

X<^£-XX        ^  ^  /  \J\J 

14 

5341.  05 

I 

15673-34390 

28 

5657.  88 

II 

12154-29824 

11 

5342. 96 

I 

0-18711 

7 

5658.  34 

II 

12074-29742 

40 

5349.  30 

I 

14926-33615 

6 

5667.  16 

II 

12101-29742 

13 

5349.  71 

168-18856 

8 

5669.  04 

II 

12101-29736 

7 

1  c;Rfl2  —  34567 

170 

5671  81 

n  A77  — 29304 

24 

5355.  75 

I 

15757-34423 

11 

5684.  20 

II 

12154-29742 

60 

5356.  10 

I 

15042-33707 

140 

5686.  84 

I 

11610-29190 

1.6 

5357.  19 

II 

12154-30816 

120 

5700.  21 

I 

11558-29096 

30 

5375.  35 

15882-34480 

22 

5708.  61 

\ 

11677-29190 

42 

5*^92  OR 

1  6027  —  34567 

100 

5711  75 

11520  —  29023 

5 

5416.  12 

I 

16022-34480 

26 

5717.28 

I 

11610-29096 

5 

5425.  57 

I 

16141-34567 

20 

5724.  08 

I 

11558-29023 

5 

5429. 41 

I 

16010-34423 

6 

bl 

5736.  85 

ScO 

4 

5432. 94 

16022-34423 

6 

bl 

5764.  45 

ScO 

6 

5433. 23 

\ 

16023-34423 

11 

bl 

5772. 74 

ScO 

5 

5438.  22 

16097-34480 

6 

bl 

5775.  32 

ScO 

6 

5439.  03 

16010-34390 

8 

bl 

5809.  84 

ScO 

6 

h 

5442. 60 

16022-34390 

8 

bl 

5811. 60 

ScO 
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Scandium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

ii 

Dl 

5847.  73 

Sc  O 

D 

6575.  85 

ScO 

Q 
O 

Di 

5849. 07 

ScO 

7 
/ 

6604.  60 

II 

T  A  Q  /I  C 
1U74D 

T     A  0 1 

Q 
O 

I- 
D 

5887. 38 

ScO 

3.  U 

V->1 

Dl 

6609. 99 

ScO 

4 

bl 

5918.  04 

ScO 

2.0 

bl 

6617.  94 

ScO 

3.5 

5919. 11 

I 

18856 

-35746 

2.0 

bl 

/  /    /I  I~       A  A 

6645. 08 

ScO 

1 

Dl 

5928.  10 

ScO 

^.  5 

Dl 

/  /   f  A       /I  A 

6654.  42 

ScO 

n 

5961. 49 

I 

ziiUob 

-3  7  Q  n  ^, 
—  J  /  ODD 

"i  n 

V-vl 

Dl 

6661. 01 

ScO 

-7 
1 

Di 

5968.  25 

ScO 

il.  u 

D 

6700. 48 

ScO 

4 

5969.  19 

I 

21033 

-37781 

2.  0 

b 

6705.  93 

ScO 

10 

5988.  42 

I 

17013 

-33707 

8 

6737.  87 

I 

1  o 

io 

Dl 

6017.  07 

ScO 

/I 
4 

6739.  40 

/ 

6026. 18 

I 

— jjbiD 

4 

6817. 08 

I 

~IC\ 
IV 

Dl 

6036.  17 

ScO 

D 

6819. 52 

I 

^lUoD 

1  C  7  /I  ^ 

—      / 4b 

55 

bl 

6064.  31 

ScO 

3.  5 

/AAA      r"  /I 

6829. 54 

I 

21033 

-35671 

50 

bl 

6072. 65 

ScO 

6 

/  A  o  r"  AO 

6835. 03 

I 

7U 

bl 

6079. 30 

ScO 

r>  7 
U.  / 

D 

/  A  /  O      T  A 

6963. 12 

ScO 

36 

bl 

6101.  87 

ScO 

U.  / 

Dl 

6990. 68 

ScO 

bl 

6109. 93 

ScO 

U.  D 

Dl 

7025. 72 

ScO 

42 

bl 

6115.  97 

ScO 

1.  0 

b 

7035.  77 

ScO 

20 

b 

6148.  70 

ScO 

0.  6 

b 

7072. 37 

ScO 

i  / 

b 

6153. 93 

ScO 

U.  o 

D 

A  A  /I  OA 

7094.  38 

ScO 

T  "7 
1  / 

v. 
D 

6188.  09 

ScO 

i.  D 

u 

n 

7138. 14 

0  /I  A 

^4oDb 

■2  Q  079 

n  "7 

D 

6192. 90 

ScO 

i.  o 

7169. 13 

I 

0  QQ  C  Q 

70 

6210. 68 

0 

-16097 

1.  6 

7257.  57 

31351 

-45126 

10 

/  O  O  A  /IT 

6239.  41 

0 

-16023 

1.  0 

7275. 57 

31275 

-45016 

3d 

/  A  O  A      T  A 

6239.  78 

u 

—  iDu^:^ 

U.  4 

n 

~7  0  A  A  /A 

7300. 62 

^i^ib 

—  4471 u 

T  /I 

14 

6245.  63 

II 

—  <10iDi 

1.  D 

n 

7524.  13 

O  c  c  £3  c 

7QC79 
—  JOQ  1  L. 

1^: 

6249.  96 

iOD  / i 

-2  /I  C  A"? 

i.  o 

n 

7553. 96 

I 

9t;7'5c 
CD  1  /ID 

—  ^0737 

28 

6258.  96 

168 

-16141 

2.0 

h 

~7  C  ~7  A       A  A 

7574.  44 

24657 

-37856 

7 

6262. 25 

18516 

-34480 

1.  4 

7617. 45 

24657 

-37781 

o 

6276.  31 

ioo 

1  ^nQ7 
—  ibUV / 

i.  o 

n 

7665. 72 

9  0977 

—  ^  Jil  /  7 

b 

6279.  76 

II 

l^ilUi 

/I  n 
4.  U 

7697.  73 

7Qc;79 
~  JOD  1  C. 

2.  0 

6300.  70 

II 

o  o  m  1 

^.  4 

7729. 72 

I 

^1)  / ^D 

7£!At;C3 

85 

6305.  67 

I 

168 

-16023 

7 

h 

7741. 17 

20237 

-33151 

3.  0 

6309. 90 

II 

12074 

-27918 

0.  7 

h 

"7  T  C  A      0  "7 

7750. 37 

29023 

-41922 

1.  8 

6320.  85 

II 

l/ilOl 

T  7m  o 

—  ^7918 

n  7 
U.  / 

T7  n  A      ~7  A 

7752. 72 

\ 

9  Q 1  Q  n 

/1 9  no  c: 

3.  0 

6344.  83 

U 

1  C  7  C  7 

—  15  /57 

n  o 

u 

n 

7771. 06 

ooriQA 
^7UVb 

/n  Q AT 
—  4i7bi 

7 

6378.  82 

I 

U 

T  C  ^  71 

—  156/3 

<i.  u 

7785.  17 

I 

ilDUi4 

—  J  1  ODD 

6 

bl 

6408.  41 

ScO 

1.0 

T  "7  A  /I  /A 

7794.  68 

29190 

-42016 

10 

6413. 35 

I 

168 

-15757 

4 

"7  A  A  A       /I  /I 

7800.  44 

20240 

-33056 

3.  0 

b 

6437. 08 

ScO 

T  /I 

1.  4 

~7  A  A  7        /  /I 

7821. 64 

I 

il7  jU4 

/i9  np  c; 

—  4/1  UcSD 

6 

bl 

6446.  24 

ScO 

i.  4 

n 

8196.  98 

 •J77Q1 

3.0 

b 

6457.  78 

ScO 

2.  0 

8241. 13 

I 

25725 

-37856 

4 

b 

6485.  40 

ScO 

2.5 

h 

A  ~7  /  T       /I  A 

8761. 40 

24866 

-36277 

3.  0 

b 

6495.  90 

ScO 

1.  4 

h 

ATT/!  A 

8774.  8 

6 

b 

6525. 62 

ScO 

2.  0 

h 

8794.  72 

29304 

-40671 

2.5 

b 

6535.  30 

ScO 

2.  0 

h 

8823. 8 

5 

b 

6557.  84 

ScO 

4 

h 

8834.  45 

25014 

-36330 

4 

b 

6566.  88 

ScO 
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SELENIUM 

Se 

Se,  Z=34,  M=78.96,  Katio  ^=1.243 

Se  I  Normal  state  of  valence  electrons  45^4/)*  =0.  I.P.=  78658  K 
Se  II  Normal  state  of  valence  electrons  4sHp^  *Si^=0.    I.P.  =  173557  K 

References 

Wavelengths  and  Classification: 

Se  I,  J.  E.  Ruedy  and  R.  C.  Gibbs,  Phys.  Rev.  46,  880  (1934). 


Relative  intensity  of  selenium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  selenium 

Strong  line  of  selenium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

40 

2039.  85 

I 

1989-50997 

Selenium  —  All  Observed  Lines 


Intensity        Wave-  Energy 

and            length              "  Levels 
/~u         4.                A         trum  jj. 
Character        m  A                           m  K 

Intensity         Wave-  Energy 

and              length      ^ "  Levels 
.                 °.        trum  TV- 
Character         m  A                           m  K 

34              1960.  26      I  0-50997 
40              2039.  85      I  1989-50997 
15              2062.  79      I  2534-50997 

3.  0           2074.  79      I  0-48182 
5              8918.  80      I  48182-59391 
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SILICON 


Si,  Z=14,  M=28.09,  Ratio  ^^=0.442 


Si  I  Normal  state  of  valence  electrons  Ss^Sp^^Po  =0.  I.P.=  65743  K 
Si  II  Normal  state  of  valence  electrons  3s^3p^  ^P8h=0.    I. P.  =  131818  K 

References 

Wavelengths : 

C.  C.  Kiess,  J.  Research,  NBS  21,  185  (1938). 

Classification : 

Si  I,  C.  C.  Kiess,  ibid. 

Intensities : 

P.  Hey,  Z.  Physik  157,  79  (1959). 


Relative  intensity  of  silicon  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  silicon 


Strong  lines  of  silicon 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

360 
260 

2516.  11 
2881.  60 

I 
I 

223-39955 
6299-40992 

3s23p2  3pj,_3s23pl4sl  spo 

3s23p2  1D2— 3s23pi4si  iPf 

Silicon  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

6 

2124. 11 

6299-53362 

120 

2519. 21 

77-39760 

2.  0 

2207.  97 

0-45276 

240 

2524.  11 

77-39683 

2.  0 

2210.  88 

77-45294 

200 

2528.  51 

223-39760 

3.  5 

2216.  67 

223-45322 

24 

2631.  28 

15394-53387 

26 

2435.  16 

6299-47352 

260 

2881. 60 

6299-40992 

170 

2506.  90 

77-39955 

15 

2987.  65 

6299-39760 

160 

2514.  32 

0-39760 

11 

3905.  53 

15394-40992 

360 

2516.  11 

223-39955 
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SILVER 


Ag,  Z=47,  M=  107.880,  Ratio  gJ-=  1.698 

Ag  I  Normal  state  of  valence  electrons  4c?'°5s'  ^So!^=0.  I.P.=  61106  K 
Ag  II  Normal  state  of  valence  electrons  4c?'°     ^So  =0.    I.P.  =  173300  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Ag  I,  A.  G.  Shenstone,  Phys.  Rev.  57,  894  (1940). 
Ag  II,  A.  G.  Shenstone,  Phys.  Rev.  31,  317  (1928). 

Intensities : 

A.  Filippov  and  I.  Islamov,  Z.  Physik  85,  409  (1933). 
J.  Terpstra  and  J.  A.  Smit,  Physica  34,  937  (1958). 


Relative  intensity  of  silver  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  silver 


Strong  lines  of  silver 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

5500 
2800 

3280.  68 
3382.  89 

I 
I 

0-30473 
0-29552 

4di»5si  2So>i— 4dio5p>  ^PiH 
4di»5s'  2SoH— 4d'»5pi  ^PoM 

Silver  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

2.  0 

2331.  37 

II 

40741-83621 

5  hi 

4476.  08 

29552-51887 

10 

2413. 18 

II 

40741-82168 

6  hi 

4668.  48 

30473-51887 

8 

2437. 79 

II 

39164-80172 

100 

5209. 07 

29552-48744 

3.  0 

2447.  93 

II 

46046-86884 

100 

5465.  49 

30473-48764 

6 

2721.  77 

I 

30242-66972 

10 

5471.  55 

30473-48744 

5500 

3280. 68 

I 

0-30473 

32 

7687.  78 

29552-42556 

2800 

3382. 89 

I 

0-29552 

50 

8273.  52 

30473-42556 

9  hs 

4210.  94 

I 

30473-54214 
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SODIUM 

Na,  Z=ll,  M=22.991,  Ratio  ^=0.3618 

Na  I  Normal  state  of  valence  electrons  2p^Ss^  %;^=0.  I.P.=  41450  K 
Na  II  Normal  state  of  valence  electrons  %  =0.    I.P.  =  381528  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Na  I,  A.  Fowler,  Report  on  Series  in  Line  Spectra  (Fleetway  Press,  London,  1922). 

Intensities : 

R.  Minkowski,  Z.  Physik  36,  839  (1926). 

A.  Filippov  and  W.  Prokofiev,  Z.  Physik  56,  458  (1929). 


Relative  intensity  of  sodium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  sodium 


Strong  lines  of  sodium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

k 

2000 

5889.  95 

I 

0-16973 

2p«3si  2SoH— 2p«3pi  'Pm 

1000 

5895.  92 

I 

0-16956 

2p«3s»  2SoK— 2p«3pi  'P5h 

Sodium  — All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

30 

3302.  32 

0-30273 

2000 

5889.  95 

0-16973 

15 

3302.  99 

0-30267 

1000 

5895.  92 

0-16956 

1.  0 

1 

5149. 09 

16956-36373 

3.  0  1 

6154.23 

16956-33201 

2.  0 

1 

5153.  64 

16973-36373 

6  1 

6160. 76 

16973-33201 

7 

1 

5682. 66 

16956-34549 

110 

8183.  27 

16956-29173 

14 

1 

5688.  22 

I 

16973-34549 

220 

8194.  81 

I 

16973-29173 
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STRONTIUM 


Sr 

Sr,  Z=38,  M=:87.63,  Ratio  ^=1.379 

Sr  I  Normal  state  of  valence  electrons  4:p^5s^  ^Sq  =0.  I.P.=  45926  K 
Sr  II  Normal  state  of  valence  electrons      5s' %H=0.    I.P.=  88964  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Sr  I,  F.  J.  Sullivan,  Univ.  of  Pittsburgh  Bull.  35,  1  (1938). 

Sr  II,  F.  A.  Saunders,  E.  G.  Schneider  and  E.  Buckingham,  Proc.  Nat.  Acad.  Sci.  U.S.  30, 
291  (1934). 

Intensities : 

J.  W.  Schuttevaer,  M.  J.  de  Bont,  and  T.  H.  van  den  Broek,  Physica  10,  544  (1943). 
A.  Eberhagen,  Z.  Physik  143,  392  (1955). 

Y.  I.  Ostrovskii,  N.  P.  Penkin,  and  L.  N.  Shabanova,  Doklady  Akad.  Nauk  S.S.S.R.  130, 
66  (1958). 


Relative  intensity  of  strontium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  strontium 


Strong  lines  of  strontium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

4600 

4077.  71 

II 

0-24517 

4p«5s»  2SoH— 4p«5jo>  'PiM 

3200 

4215.  52 

II 

0-23715 

4p'!5si  2S(,^4p«5p'  2P5h 

650 

4607.  33 

I 

0-21698 

4p65s2  ig^  — 4p65si5pi  ip| 
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strontium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

2152.  84 

II 

14556-60992 

20 

5225.  11 

J 

18159-37292 

6 

2165.  96 

II 

14836-60992 

20 

5229.  27 

I 

18219-37336 

1.2 

o yi o o  in 

\ 

n     /1 1  1  "70 

28 

C  O  '3  O     C  C 

5^:38.  55 

18219  —  37302 

1.2 

2569.  47 

0-38907 

48 

5256.  90 

{ 

18319-37336 

2931. 83 

I 

0-34098 

J.  D 

n 

5329.  82 

I 

20150-38907 

3.0 

3301. 73 

I 

14318-44596 

15 

5450.  84 

I 

18219-36560 

3.0 

3329.  99 

I 

14504-44526 

70 

5480.  84 

I 

18319-36560 

4 

3351.  <:b 

{ 

I/IOQQ  /I/ITiH 

11 

C  A  O  L     1  O 

5486.  ic 

18159  —  36382 

3.0 

3366.  33 

14899-44596 

35 

5504.  17 

\ 

18219-36382 

3380.  71 

II 

23715-53286 

do 

5521. 83 

I 

18159-36264 

95 

3464.  46 

II 

24517-53373 

20 

5534.  81 

I 

18319-36382 

12 

3474.  89 

II 

24517-53286 

20 

5540. 05 

I 

18219-36264 

3.0 

h 

o  n  /I  r\  on 
3940.  8U 

mjio  —  jV6oD 

2.5 

h 

nn  A  1  If 

5543.  36 

oiz.no     1  din 

Z1698  —  39733 

6 

3969.  26 

I 

14504-39691 

2.  0 

h 

5970. 10 

\ 

21698-38444 

3970.  04 

I 

14504-39686 

d.  J 

n 

6345. 75 

I 

18219-33973 

13 

4030.  38 

I 

14899-39703 

2.  5 

h 

6363. 94 

I 

18159-33868 

3.  0 

4032. 38 

14899-39691 

3.  5 

h 

6369. 96 

I 

18159-33853 

4600 

/I  n  "7  "7  "71 

40  /  /.  /i 

T  T 

n    o  /I  ci  "7 
U  -^1451  / 

10 

'2 o n  "7c 

iol57  —  Hod  1 

20 

4161.  80 

II 

23715-47737 

9 

h 

6386.  50 

{ 

18319-33973 

Pii  UU 

4215.  52 

II 

0-23715 

0 

n 

6388.  24 

I 

18219-33868 

34 

4305.  45 

II 

24517-47737 

90 

6408.  47 

I 

18319-33919 

3.  5 

h 

4438.  04 

I 

14899-37425 

2.5 

6446.  68 

I 

18319-33827 

650 

460  /.  33 

n    o  1    Q  o 

2.  5 

h 

L  A  i^C  "7Q 

Ol  ^QO  •2"71 

32 

4722. 28 

I 

14504-35675 

55 

6504.  00 

{ 

18219-33590 

4741.92 

I 

14318-35400 

lU 

6546.  79 

I 

18319-33590 

14 

4784.  32 

I 

14504-35400 

17 

6550. 26 

I 

21698-36961 

48 

4811. 88 

I 

14899-35675 

30 

6617.  26 

I 

18159-33267 

36 

yi  n o no 

4832. 08 

14504  —  35194 

8 

L  I-  A  1     C  A 

dd43.  54 

lodVi  —  i)  icb  1 

I 

14318-35007 

18 

6791. 05 

\ 

14318-29039 

4855. 04 

I 

18159-38750 

A  Q 
'to 

6878.  38 

I 

14504-29039 

6 

4868.  70 

I 

18219-38752 

12 

6892. 59 

I 

0-14503 

30 

4872.  49 

I 

14504-35022 

55 

7070.  10 

I 

14899-29039 

6 

4876.  06 

14504  —  3500  / 

0.  6 

"71  c  "2  no 
/153.  09 

^IbVy — 35d Id 

20 

4876.  32 

{ 

14899-35400 

2.5 

h 

7167.  24 

{ 

20150-34098 

10 

4891. 98 

I 

18319-38755 

2.  0 

7232. 27 

I 

20150-33973 

80 

4962.  26 

14899-35045 

25 

7309.  41 

20150-33827 

13 

4967.  94 

14899-35022 

5 

7621. 50 

20150-33267 

8 

h 

5156.  07 

20150-39539 

4 

h 

7673.  06 

21698-34727 

14 

5222.  20 

18159-37302 
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TANTALUM 

rn. 

Ta,  Z=73,  M=  180.95,  Ratio  ^=2.848 

Ta  I   Normal  state  of  valence  electrons  5d^6s^  *Fi^=0.    I.P.  =  63600  K 
Ta  II  Normal  state  of  valence  electrons  5d^6s^  ®Fi  =0. 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 

Sons,  New  York,  1939). 
C.  C.  Kiess,  unpublished  material. 

Classification : 

Ta  I,  P.  F.  A.  Klinkenberg,  G.  J.  van  den  Berg,  and  J.  C.  van  den  Bosch,  Physica  16,  861 
(1950). 

G.  J.  van  den  Berg,  P.  F.  A.  Klinkenberg,  and  J.  C.  van  den  Bosch,  Physica  18,  221 
(1952). 

C.  C.  Kiess  and  H.  K.  Kiess,  unpublished  material. 
Tan,  C.  C.  Kiess,  G.  R.  Harrison,  and  W.  J.  Hitchcock,  J.  Research  NBS  M,  245  (1950). 
C.  C.  Kiess,  J.  Research  NBS  66A,  No.  2  (Mar.-Apr.  1962). 


Relative  intensity  of  tantalum  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  tantalum 

Strong  lines  of  tantalum 


Intensity 


300 

2653. 

27 

300 

2714. 

67 

280 

2647. 

47 

240 

3012. 

54 

220 

2656. 

61 

220 

200 
180 
180 

180 
170 
160 
140 
140 

140 
140 
140 
140 
130 


120d 

120 
120 
120 

100 
100 
100 
90 
90 

90 
90 
90 
90 


Wavelength 
A 


2850.  98 

2933.  55 
2661.  34 
2685.  17 

2963.  32 
2850.  49 
2608.  63 
2400.  63 
.  2635.  58 

2710.  13 

2748.  78 
2940.  22 
3311.  16 
3626.  62 

2526.  35 
2526.  45 
2559.  43 
2698.  30 
2758.  31 

2636.  90 

2749.  83 
3607.  41 
2675.  90 
2775.  88 

2891.  84 
2965.  13 
2965.  54 
3318.  84 


Spectrum 


II 


I 
I 

II 

I 
I 
I 

II 
II 


II 


II 


Energy  levels 
K 


2010-39688 
0-36826 
0-37761 

5331-38516 
0-37630 

5621-40686 
14581-49647 
0-34078 
5621-43185 
4125-41355 

2010-35746 

2010-40333 
6187-47830 
1031-38962 

3964-40851 
3964-40333 
0-34001 
5621-35813 
3964-31530 

2010-41581 
3964-43533 
0-39060 
2010-39060 
2010-38253 

5621-43533 
9705-46061 
2010-29723 
4416-41775 
0-36014 

2010-36580 
0-33715 
2010-35721 
2010-32132 


Term  combination 


5rf36s2  a  *F2H- 
5d36s2  a  *Fi^- 
5d36s2  a  'Fiy- 
5d26s2  a  - 
5d36s2  a  *Fiy,- 

5d36s2  a  'Fm- 
5d36s'  b  'Fa  — 
5d36s2  a  'Fi^— 
5d36s2  a  'Fiy— 
5d26s2  a  3Po— 

5d'6s2  a  *F2y~ 

5rf36s2  a  ^FjH— 
5d36si  a  — 
5d^6s^  a  5F2  — 

5rf36s2  a  ^Fan— 
5d36s2  a  *F3M— 
5d36s2  a  <Fi4— 
5dW  a  *F4y~ 
5dW  a  'Fiy— 

5d36s2  a  ^FzH- 
5d36s2  a  ^FsH- 
5d'6s2  a  'Fiy,- 
5d^6s^  a  ^Fjj^- 
5d36s2  a  4F2H- 

5d36s2  a  *Fi^- 
5d^6s^  a  2G3H- 
5(i36s2  a  *F2^- 
5d'6si  a  5F4  - 
5dW  a  ^FiH- 


39688IH 
-5d36s6p  y  *G°2y, 
37761ly, 

37630^}^ 

-5d36s6jO  y  ^GIh 
496471 
34078fH 
43185S^i 
41355! 

35746§H 
403335k 

4085 11h 
40333§k, 

3400 l^H 
358135)^ 
31530l>^ 

-5d*6p  y  6F5h 
43533§j^ 
390605H 
39060iH 
382531)^ 

435335H 
4606 1§H 
29723IH 
417751 
-5d'6s6p  z  ^GIh 


Sd^Gs^  a  *F2^- 
5d36s'  a  5Fi  - 
5d36s2  a  4F2H- 
5d36s2  a  *F2r^- 


-5d^6s6p  y  ^Ff^ 
337151 
35721!^^ 
321321>^ 
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T  ant  alum 


—  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 

trum 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

3.5 

2140.13 

J  J 

4 

2335. 75 

II 

12705-55505 

5 

2146.  87 

II  1031-47596 

9 

2338.  28 

II 

6988-49741 

2.  5 

2150.  62 

II  1031-47515 

6 

2340.  94 

II 

6831-49536 

2.5 

2165.  01 

II  0-46175 

6 

2341. 61 

II 

12436-55128 

3.5 

2178.  03 

II  3180-49080 

4 

2343. 64 

II 

6 

2182.  71 

II  1031-46831 

3.  0 

2346. 42 

II 

3.0 

2193. 20 

II  2642-48223 

3.0 

2351. 99 

II 

6 

2193.  88 

TT                       /TOT  HTTnyi 

II  6187-51754 

6 

2353. 86 

II 

5331  -47801 

9 

2196.  03 

II  4416-49938 

4 

2355. 22 

II 

9 

2199. 67 

II  0-45447 

6 

2356.  05 

II 

9690-52121 

3.  5 

2207.  14 

J  J 

5 

2356.  90 

II 

4416-46831 

9  d 

2210.  03 

II  0-45234 

9 

2357.  30 

I 

0-42408 

2210. 19 

II  4416-49647 

6 

2359.  16 

II 

9746-52121 

3.  0 

2215.  60 

II  4416-49536 

10 

2361. 09 

I 

2010-44350 

13 

2239.  48 

II  2642-47281 

6 

2362.  78 

II 

2.  5 

2248.  48 

II  9746-54207 

5 

2363.32 

II 

5 

2249.  79 

II  0-44435 

24 

2364.  24 

II 

6187-48470 

13 

2250.  76 

II  1031-45447 

2.  0 

2367.  24 

II 

4416-46646 

3.  0 

2254.  86 

II  3180-47515 

6 

2369.  32 

II 

2642-44835 

5 

2255.  77 

II  12436-56753 

12 

2370.  76 

II 

5658-47825 

4 

2256.  51 

II  9746-54048 

13 

2371.  58 

I 

3964-46117 

6 

2258.  71 
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10690-30021 
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5505.  66 

I 

9976-28134 

3.0 

c 

5180.  98 

I 

21855-41151 

1.2 

c 

5516.  27 

I 

1.6 

5188.  93 

I 

12866-32132 

7 

5518.  91 

I 

17383-35498 

1.6 

c 

5193. 99 

17383  —36631 

0.  7 

bbli.  lb 
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^:U64  /  —  :5o  /b4 

1.6 

5206.  26 

{ 

0.  8 

5523. 98 

I 

n 

y 

5212.  74 

I 

0-19178 

1.0 

5528.  36 

I 

3964-22047 
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d 

5218.  45 

J 

2010-21168 

0.  8 

1 

5545.  14 

I 

12866-30895 

5218.  66 

I 

9705-28862 

1.6 

5548.  32 

I 

17224-35243 

3.0 
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6069  —  25181 

2.  5 

bbo4.  Uii 

\ 

0'7'7'2/I  AV.WX~1 
III  JH  —  HbOJ  1 

2.5 

5235.  39 

I 

12866-31961 

1.2 

5598.  75 

27781-45637 

2.  5 

5237.  53 

II 

14628-33715 

2.5 

5599.  52 

I 

27783-45637 

1.4 

5244.  78 

I 

9705-28767 

0.7 

c 

5605.  50 

I 

17383-35218 

2.5 

5275.  02 

I 

0.7 

c 

5617.  71 

I 

23355-41151 

1.4 

5279.  82 

3.  0 

5620.  bo 

} 

mib  —  3\i\ici. 

1.4 

5281. 02 

I 

9759-28689 

1.  0 

5628.  20 

7 

5295.  01 

I 

9253-28134 

1.6 

5635. 71 

I 

10950-28689 

3.0 

c 

5318.  67 

I 

25186-43983 

3.  0 

5640.  18 

I 

12866-30591 

6 

5328.  38 

2010-20772 

12 

5645.  91 

\ 

9253-26960 

2.5 

5336.  13 

12866-31601 

10 

5664.  90 

2010-19658 

11 

5341. 05 

3964-22682 

2.5 

5688.  25 

17224-34800 

2.0 

5342. 25 

9976-28689 

3.0 

5699.  24 

9253-26795 
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—  All  Observed  Lines 
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in  A 
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Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1.  c. 

2iib3  —  job Iv 

9  n 

Z.O n 0   ^2 7 
620o.  3  / 

0C/l"70        /II  COT 

2b47o  —  41bol 

5706.  28 

J 

24982-42502 

n 

J.  u 

6249.  79 

{ 

12866-28862 

5715.  24 

I 

10690-28183 

1 9 

6256.  68 

I 

6069-22047 

0.6 

b  lib,  bi 

1  OO'^C  OQ'70'2 

i223b  —  27/23 

12 

^  0   0  7n 
626o.  /O 

1  0  0 '2  C       001  0*2 

12235  —  2olo3 

1.8 

b  IHO,  1 X 

2Dbob  —  437o3 

4 

^070     ^2  /I 

62  /o,  34 

0  t; 

D 

c  "7  c  c  on 

/,OQ1  ^"2 

62ol.  33 

1  nocn  o^o^z. 
lOVbO  —  26066 

1.  c. 

11 

5761.  61 

I 

24243-41595 

1  9 
X,  c 

6287.  36 

I 

5766.  56 

I 

9253-26590 

6287.  91 

I 

12235-28134 

2.5 

c 

b  lb  1,  91 

72b3  —  26bob 

3.0 

/  0  Q  0     1  A 

o2o7.  34 

inz.nn  o/co/ 
10690  — 26586 

0.  8 

b /  /i.  93 

OCT  oi  /locno 
2biox  — 42bu2 

4 

^ '2n Q  r\L. 
6307.  06 

1  u 

n  "7~7  ^  "7"7 

b  1  lb.  II 

6U47  —  233bb 

1  9 

X  il 

^'2 no   c 0 
6307.  bo 

1 nocn  o/7nc 
lOVbO  —26  /7b 

0  n 

5780.  02 

I 

20647-37943 

9  n 

6312.  24 

I 

y 

5780.  71 

I 

6069-23363 

D 

6325.  08 

I 

6049-21855 

10 

boii. iU 

on/./!  OlI^Q 
3764  —  2XiDO 

4 

^  ■2*2  0  Ql 

biic,  91 

Lf\  LQ  OlOCC 

6O67  —  21obb 

2.0 

boxD.  bi 

26 /7b  —  437o3 

5 

^'2/11      T  7 

6341.  1  / 

-> 

c 

7 /b7  —  26o66 

9 

^ "2  /I  ^  no 
6346.  02 

07C0       OCCl  1 

9/b9  — 2bbl3 

^  n 

5849.  68 

{ 

10690-27781 

L 
0 

6356.  14 

I 

9253-24982 

X.  ^ 

5866.  61 

6360.  84 

I 

11244-26960 

19 

C  C)  ~7"7  1 

bo  /  /.  ib 

i33b2  —  30361 

3.0 

^  '2  7*2     n  ^ 

63  /3.  06 

007^1  1QAAQ 

cc  IbL—  38448 

10 

boo^:.  30 

23bib  —  40biu 

1.2 

^'2  70  n7 

63 /9. 0  / 

7 

com  QT 
b9Ui. 91 

1X244  —  2olo3 

7 
/ 

/■  0  on    /I  c 

o3o7.  4b 

oiic'2  '2^onn 
211b3  —36800 

5916.  51 

I 

11792-28689 

X.  0 

h 

6392. 21 

I 

10950-26590 

y 

5918.  95 

I 

9976-26866 

5 

6428.  60 

I 

11244-26795 

1.2 

coo  c  on 
b^cb,  9U 

1  /224  —  3407b 

20 

Aid  7Q 

6430.  /7 

1  00'2C  07701 

1223b  —  iL  1  loL 

1.2 

b93U.  bl 

12o66  —  27/23 

1.0 

^  /I  '2  7     1  L 

643  /.  3b 

1.  0 

5931. Ub 

0/17*20      /n  coc 

24 /37  — 41b7b 

L  A  A  A  a 

6444.  61 

1.  D 

5931.  68 

{ 

17224-34078 

9  R 

6445. 87 

J 

X.  H 

5935. 54 

23913-40756 

X  D 

6450.  36 

I 

12235-27734 

10 

b939.  /o 

J 

7 /b7  — 26b7U 

1.6 

L  A  aa  0*2 
64bb.  o3 

QO  C  "2       0/1  7*2  Q 

72b3  —  24 /37 

19 

QQ7ZL  0^70C 

77 /6  —  26 /7b 

2.5 

/I  C  Q  QO 

64b7.  72 

Q7nc     0 CI  01 
7  /  Ob  —  2bl81 

end    "7  o 

£^  A  OC     "2  7 

64ob. 3  / 

1  ^'2CO  007^7 

133b2  — 28/6/ 

X. 

5960.  13 

} 

23913-40686 

X.  H 

h 
11 

6502. 43 

X  D 

c 

5997.  23 

13352-30021 

z. 

D 

6505. 52 

2.0 

h 

z.  Ann  on 
dUU9,  o9 

0/1C17       /ITT  CI 

24bl  /  —  411bl 

8 

6bl4.  37 

110/1/1  o^con 
11244  — 26b70 

2.0 

/  m  r  nn 
oUlb.  90 

1 / 3o3  —  34001 

8 

LCI  L  in 
6blb.  10 

llO/l/l  O/^COZL 

11244  — 26b86 

/  no n  "70 
60^0.  Id. 

7  /b7  —  26364 

9  n 

11 

6bDl. 60 

IO07O  —  2b72D 

6045.  39 

J 

11244-27781 

9  n 

C  W 

6564.  26 

0 

6047.  25 

I 

12235-28767 

g 

6574.  84 

I 

9976-25181 

2.0 

/  A  P  O  /A 

6053.  64 

n7nir  o/oon 
9705  —  26220 

0.8 

6bob.  13 

007Z.1        1~I a  A1 

cclbL—i  /943 

2.5 

6090.  82 

2blol — 41b7b 

1.2 

C 

^  c  07    1  ^ 

6bo  /.  16 

X.  H 

6092. 06 

Q 
7 

LL1  1  QC 

6611. 7b 

iio/i/i  0^*2^/1 
11244  —  26364 

o 
o 

6101. 58 

22429-38813 

D 

6621.  30 

6069-21168 

9  n 

c..  U 

6140.  07 

26220-42502 

1  9 
X.  ^: 

u  w 

6662. 24 

5 

6144.  bo 

IO67O  — 2676O 

8 

UL~I1  7*2 

66 / 3.  /3 

Q7CQ  0/17'2Q 
7  /b7  —  24/37 

2.  5 

/ICO     C  A 

6152. 54 

077*2/1  /1'200'2 

2 / /34  —  437o3 

14 

C  CI 

bb  lb,  b3 

110/1/1  oz-oon 
11244  —26220 

10 

61b4,  bO 

oQ7^  o^oon 
77  /6  — 26220 

2.5 

r/on  r\r\ 

66o4.  00 

3.0 

6158.  84 

I 

17383-33615 

1.2 

6693.  61 

I 

1.2 

6170.  46 

27781-43983 

1.2 

6706.  46 

15114-30021 

1.2 

6189.  66 

2.0 

6709.  39 

23913-38813 

1.2 

6193.11 

0.8 

6714.44 
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—  All  Observed  Lines 
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—  All  Observed  Lines 


Intensity        Wave-  Energy 

and            length  Levels 

trum 

Character        in  A                            in  K 

Intensity         Wave-  Energy 

and              length     ^  Levels 
.                   .  trum 
Character         m  A                            m  K 

0.  4           8415.  73      I  9976-21855 
2.0    cw    8447.  62      I  13352-25186 
0.9      h    8550.  49      I  12235-23927 

1.  2           8575.  92      I  13352-25009 
0.8    cw    8595.  84      I  13352-24982 
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TELLURIUM 


Tp 

Te,  Z=52,  M=  127.61,  Ratio  ^^=2.008 

Cu 

Tei  Normal  state  of  valence  electrons  Bs^bp^^Ti  =0.  I.P.=  72667  K 
Ten  Normal  state  of  valence  electrons  58^5^=*  *Sij4=0.    I.P.  =  150000  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  WUey  & 

Sons,  New  York,  1939),  above  2000  A. 
J.  C.  McLennan,  A.  B.  McLay,  and  J.  H.  McLeod,  Phil.  Mag.  4,  486  (1927),  below  2000  A 

Classification : 
Tei,  O.  Bartelt,  Z.  Physik  88,  522  (1934). 


Relative  intensity  of  tellurium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  tellurium 

Strong  line  of  tellurium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

70 

2385.76 

I 

4751-46653 

5p*  sPi— 5p36s> 

Tellurium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

8 

1994. 2 

4751-54877 

6 

2259.  04 

0-44253 

16 

2002.  0 

4751-54685 

55 

2383.  25 

4707-46653 

10 

2081.  03 

10559-58596 

70 

2385.  76 

4751-46653 

55 

2142. 75 

0-46653 

12 

2530.  70 

4751-44253 

11 

2147. 19 

10559-57116 

11 

2677.  16 

1.  4 

2159.  79 

I 

10559-56845 

10 

3175.  11 

I 

23199-54685 
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TERBIUM 


Tb,  Z=Q5,  M=  158.93,  Ratio  ^=2.501 
References 

Wavelengths : 

A.  Gatterer  and  J.  Junkes,  Spektren  der  Seltenen  Erden  (Specola  Vaticana,  Vatican,  1945). 
Supplemented  by: 

J.  M.  Eder,  Sitzber.  Akad.  Wiss.  Wien,  Math,  naturw.  Kl.  131,  199  (1922). 

A.  S.  King,  Astrophys.  J.  72,  221  (1930). 

About  70  lines  above  7000  A  were  measured  on  our  plates. 

Classification : 
J.  Sugar,  unpublished  material  (1961). 

Spectrum  Assignments : 

From  3837  to  4677  A  the  assignment  of  spectrum  is  from  A.  S.  King,  Astrophys.  J.  73,  221 
(1930). 

The  rest  of  the  assignments  are  from  our  plates. 


Relative  intensity  of  terbium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  terbium 


Strong  lines  of  terbium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

600 

3509.  17 

II 

460 

3702.  85 

II 

440 

3568.  51 

II 

400 

3324.  40 

II 

380 

3676.  35 

II 

340 

3561.  74 

II 

340 

3848.  76 

II 

320  w 

3874.  19 

II 

280 

4326.  47 

I 

0-23107 

240 

3650.  40 

II 

240 

3703.  92 

II 

220 

3899.  20 

II 

200 

3658.  88 

II 

200  d 

3976.  84 

II 

200 

4318.  85 

I 

0-23148 

190 

3776.  49 

II 

190 

4033.  06 

II 

180 

4005.  57 

II 

170 

3568.  98 

II 

170 

3600.  44 

II 

170 

3981.  89 

II 

160 

3293.  07 

II 

160 

3765.  14 

I 

160 

4338.  45 

I 

0-23043 

150 

3901.  35 

I 

140 

3523.  66 

II 

140 

3830.  29 

II 

130 

3219.  95 

II 

120 

3218.  93 

II 

120 

3540.  24 

II 

120 

3579.  20 

II 

120 

4061.  59 

I 

110 

3285.  04 

II 

100  d 

3711.  74 

II 

100 

3755.  24 

II 

100 

4144.  46 

II 
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Terbium  —  All  Observed  Lines 


Intens  ity 
and 

V_»JliCLX 

length 
in  x\ 

Spec-  Energy 
Levels 

trum 

m  iv 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec-  Energy 
^  Levels 
trum 

m  K 

3.  0 

2577.  73 

II 

4 

2796.  95 

II 

12 

2584. 61 

II 

19 

2800.  51 

II 

3  0 

2590. 31 

II 

8 

2800  63 

II 

X  X 

3.  0 

2591. 42 

II 

26 

2802.  75 

II 

2.5 

2592.  64 

II 

26 

2809. 32 

II 

6 

2597. 71 

II 

19 

2812.  64 

II 

2602.  93 

II 

4 

2818.  48 

II 

11 

J. 

2608  57 

II 

4 

2819  78 

II 

X  X 

4 

2616.  90 

9 

2827.  40 

II 

14 

2628.  69 

II 

8 

2833. 03 

II 

6 

2655.  96 

II 

9 

2838.  72 

II 

5 

2661.  40 

II 

4 

2842. 00 

II 

2  5 

2661  64 

II 

8 

2843  96 

II 

X  X 

6 

2667.  64 

II 

8 

2845.  93 

II 

5 

2668.  86 

II 

6 

2851. 04 

II 

15 

2669.  29 

II 

20 

2852. 14 

II 

4 

2674.  13 

II 

8 

2854.  17 

II 

4 

2674.  69 

II 

8 

2854  96 

II 

X  X 

3.  0 

2678!  15 

II 

8 

2855.  69 

II 

4 

2683.  97 

II 

12 

2857.  68 

II 

3.5 

2687.  84 

II 

10 

2861. 34 

II 

5 

2691. 90 

II 

4 

2864.  48 

II 

3  5 

2693  05 

II 

.J 

2867  42 

II 

X  X 

6 

2693.  41 

II 

5 

2872. 32 

II 

3.  5 

2695.  46 

II 

4 

2872.  55 

II 

5 

2696.  83 

II 

8 

2881. 25 

II 

3.5 

2701. 52 

II 

10 

2884. 70 

II 

20 

2704.  07 

II 

8 

2885  90 

II 

X  X 

10 

2706!  28 

II 

24 

2886.  29 

II 

5 

2713.  22 

II 

8 

2887.  44 

II 

3.5 

2720.  89 

II 

5 

2888.  10 

II 

3.5 

2724.  29 

II 

4 

2888.  31 

II 

3  5 

2726.  49 

II 

4 

2888  82 

II 

7  d 

2730!  21 

II 

8 

2889.  66 

II 

3.5 

2733. 90 

II 

4 

2892.  49 

II 

3.5 

2735.  45 

II 

17 

2894.  48 

II 

3.5 

2735.  99 

II 

6 

2896.  03 

II 

14 

2736  24 

II 

34 

2897. 46 

II 

X  X 

7 

2742.  26 

II 

17 

2898!  84 

II 

9 

2743.  50 

II 

11 

2901.  54 

II 

3.5 

2757.  41 

II 

7 

2903.  25 

II 

17 

2759.  47 

II 

4 

2907.  10 

II 

7 

2760  96 

II 

X  X 

X  X 

2910  30 

II 

X  X 

3.5 

2766.  57 

II 

8 

2911. 80 

II 

3.5 

2767.  02 

II 

4 

2912.  65 

II 

28 

II 

4 

2913.41 

II 

3.5 

2782. 35 

II 

17 

2914.  80 

II 

3.5 

2783.  00 

II 

17 

2915. 33 

II 

14 

2784.  49 

II 

20 

2915. 60 

II 

3.5 

2785.  50 

II 

13 

2916.  27 

II 
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Terbium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Energy 

fP^^-  Levels 
trum  - 
m  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
^  Levels 
triim 

m  K 

13 

2918.  89 

II 

18 

3027.  33 

J  J 

7 

2919.  00 

II 

5 

3027.  58 

II 

13 

2924.  16 

II 

9 

3029. 23 

{{ 

13 

2924.  53 

II 

24 

3031. 60 

7 

2925.  94 

II 

9 

3032.  83 

II 

8 

2931.  41 

II 

8 

3034.  12 

II 

17 

2932. 91 

II 

9 

3034.  91 

11 

8 

2933. 79 

II 

5 

o  n  o  "7    t\  i\ 

3037.  04 

{J 

6 

2934.  82 

II 

9 

3038.  66 

6 

2936.  39 

II 

5 

3042.  07 

II 

16 

2940.  05 

II 

5 

3042.  50 

II 

9 

2941.  70 

II 

4 

3042. 83 

11 

9 

2944.  91 

II 

10 

ICS  l\1      L  C 

3043.  65 

10 

2945.  70 

II 

24 

3044. 97 

8 

2946.  85 

II 

5 

3047.  00 

II 

6 

2949.  04 

II 

5 

3050.  57 

II 

6 

2950.  06 

II 

20 

3051. 12 

n 

26 

2956.  21 

II 

10 

3052.  18 

4 

2957.  32 

14 

3053. 24 

4 

2957.  70 

II 

48 

3053.  55 

II 

7 

2960.  58 

II 

5 

3061.  80 

II 

6 

2962.  78 

II 

14 

3062.  78 

II 

10 

2963.  97 

II 

24 

3064. 09 

J{ 

9 

2964.  76 

II 

5 

3064.  51 

6 

2965. 32 

II 

5  h 

3065. 17 

II 

18 

2968.  87 

II 

11 

3065.  69 

II 

4 

2974. 15 

II 

8 

3065.  87 

II 

18 

2977. 78 

II 

24 

3067.  20 

}J 

4 

2981.  99 

II 

28 

3069. 02 

12 

2987. 03 

II 

48 

3070. 05 

II 

12 

2988.  57 

II 

28 

3072.  60 

II 

4 

2989. 84 

II 

6 

3074.  71 

II 

9 

2991.  96 

II 

10 

30  / 6.  04 

{} 

5 

2992.  56 

II 

70 

3078.  86 

14 

2996.  01 

II 

7 

3080. 11 

II 

12 

2999.  03 

II 

10 

3081.  55 

II 

8 

3002.  45 

II 

7 

3082.  01 

II 

9 

3004.  58 

II 

50 

o  A  O  O     1  L 

30o<:.  36 

{{ 

14 

3005.  52 

II 

8 

3083.  83 

6 

3007.  11 

II 

7 

3085. 99 

II 

18 

3009.  30 

II 

13 

3086.  78 

II 

6 

3010. 12 

II 

7 

3087.  54 

11 

24 

3010.  55 

II 

26 

3088.  43 

{{ 

7 

3013.  61 

II 

5 

3089. 10 

24 

3016. 18 

II 

50 

3089. 58 

II 

14 

3019. 17 

II 

10  d 

3091. 62 

II 

18 

3020.  29 

II 

10 

3092.  96 

{J 

6 

3021.  95 

II 

7 

3093.  20 

11 

3023.  43 

II 

10 

3096.  86 

8 

3023.  70 

II 

5 

3097.  40 
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Terbium  —  All  Observed  Lines 


Intensity 
and 

Wave- 
1  pn  ptH 
in  A 

Spec-  Energy 
Levels 

trum 

in  K. 

Intensity 
cLnd 

C"!  Vi  Pi  V  p\    f  y 

V- 'I.1CLX  CLV_.l,C  J. 

Wave- 

1  *=*Ti  crt'Vi 
in  A 

Spec-  Energy 

,                                        J—/"  V  C  ±  S 

trum 

24 

3102.  54 

l\ 

5 

3168.  59 

II 

50 

3102, 97 

24 

3169.  84 

II 

10 

3108.  41 

II 

10 

3171.  19 

II 

7 

3109. 15 

II 

20 

3173. 76 

II 

7 

3109.  82 

II 

40 

3174.  66 

II 

7 

3112.  43 

\\ 

8 

3175. 45 

II 

5 

3112. 53 

5 

3179.  84 

II 

8 

3113.  62 

II 

40 

3180! 54 

II 

5 

3116.  66 

II 

5 

3181. 22 

II 

8 

3117.  26 

II 

10 

3183.  29 

II 

30 

3117.  89 

JJ 

10 

3183. 64 

II 

30 

3119.  62 

15 

3183  88 

II 

10 

3121.  43 

II 

10 

3186.  23 

II 

24 

3121.  94 

II 

50 

3187.  25 

II 

8 

3122.  83 

II 

30 

3188.  03 

II 

24 

3123.  05 

JJ 

10 

3188.  55 

II 

5 

3124.  02 

5 

3188. 83 

II 

17 

3124.  54 

II 

10 

3189.97 

II 

10 

3126. 16 

II 

5 

3190.  72 

II 

5 

3128.  88 

II 

7 

3192.  76 

II 

12 

3131.  35 

JJ 

5 

3194. 18 

II 

26 

3134.  26 

20 

3194. 71 

II 

10 

3135.35 

II 

40 

3195.  60 

II 

10 

3137.  22 

II 

5 

3198.  02 

II 

5 

3138.  63 

II 

50 

3199.  56 

II 

46 

3139.  64 

JJ 

16 

3200. 73 

II 

20 

3140.  04 

10 

3202. 70 

II 

9 

3143.  38 

II 

7 

3202. 95 

II 

24 

3145.  22 

II 

8 

3207.  09 

II 

16 

3146.  67 

II 

14 

3207.  53 

II 

32 

3147.  04 

J{ 

10 

3207.  96 

II 

32 

3147. 13 

7 

3209. 54 

II 

7 

3148.  21 

II 

5 

3210.  01 

II 

32 

3148.  71 

II 

16 

3210.  22 

II 

7 

3154.  69 

II 

10 

3215.  01 

II 

7 

3155. 10 

120 

3218.  93 

II 

13 

3155.  62 

130 

3219.  95 

II 

5 

3156.  52 

II 

10 

3220.  17 

II 

5 

3157.  49 

II 

5 

3222.  37 

II 

8 

3158.  66 

II 

10 

3222.  97 

II 

10 

3159. 22 

5 

3227.  48 

II 

10 

3159.  39 

\\ 

16 

3229. 19 

II 

14 

3162.  42 

II 

26 

3230.  03 

II 

30 

3162. 93 

II 

26 

3231. 06 

II 

10 

3163.  85 

II 

10 

3231. 46 

II 

8 

3164. 10 

9 

3232.  00 

II 

10 

3164.  77 

n 

5 

3232.  73 

II 

20 

3165.  74 

10 

3234. 50 

II 

40 

3167.  52 

12 

3235. 79 

II 

15 

3168.  32 

10 

3236.  20 

II 
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Terbium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
^  Levels 
trum 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

c^^^  Energy 

Levels 
trum  ^- 
m  K 

22  d 

3239.  66 

II 

32 

3298.  66 

II 

26 

3240.  00 

11 

3304.  10 

JJ 

20 

3240.  65 

11 

3304.  26 

8 

U 

3243  20 

jj 

22 

3304. 95 

TT 

5 

3244.  60 

TT 

11 

3305.  37 

TT 

10 

3245.  17 

II 

8 

3306.  41 

II 

5 

3245.  42 

44  d 

3307.  44 

5 

3247  18 

\\ 

9 

3307.  80 

JJ 

7 

3249.  61 

TT 

22 

3308.  51 

TT 

5 

3250.  75 

TT 

11 

3309.  17 

J  J 

5 

3250.  95 

II 

5 

3310. 10 

II 

16 

3251.  25 

8 

3310.37 

JJ 

50 

3252  34 

11 

3310  80 

7 

3253  54 

TT 

16 

'h'hVl,  53 

TT 

7 

3255  22 

TT 

16 

3312  80 

TT 

10 

3259.  38 

II 

22 

3314. 38 

II 

20 

3260.  05 

5 

3314.  70 

JJ 

-J 

3260  66 

11 

3315.  07 

1  0 

3260  83 

TT 

5 

3317  58 

TT 

20 

3261  74 

II 

11 

X  X 

3319. 16 

T 

10 

3262.  68 

II 

36  d 

3321. 15 

II 

26 

3262. 97 

44 

3322.  28 

JJ 

5 

3263.  65 

JJ 

22 

3323.  38 

24  d 

3263*  89 

TT 

22 

3323  89 

TT 

3264  06 

^  L—  \J  ~  ^  \J\J 

TT 

400 

3324.  40 

TT 

24 

3264.90 

II 

16 

3325.  52 

II 

8 

3265.  93 

11 

3327.  11 

JJ 

42 

3266  40 

JJ 

55 

3329. 08 

20 

3268  10 

TT 

11 

3333.  21 

TT 

16 

3268.  52 

TT 

13 

3333.  93 

T  J 

8 

3270.  63 

II 

11 

3334.  25 

II 

16 

3272.  35 

22 

3334.  48 

JJ 

26 

3274  19 

JJ 

12 

3335.  42 

26 

3274  33 

TT 

26 

3336.  70 

TT 

7 

f 

3275  66 

TT 

32 

3338.  03 

T  J 

22 

3277.  32 

II 

26 

3339. 00 

II 

11 

3277.  73 

13 

3339. 61 

JJ 

80 

3280  28 

JJ 

5 

3342.  98 

80 

3281  40 

^£.UX*  ~VJ 

TT 

13 

3343.  77 

TT 

3283  10 

TT 

5 

3343.  93 

TT 

5 

3283.  81 

II 

5 

3346.  32 

II 

110 

3285.  04 

JJ 

22 

3347.  27 

JJ 

1  ft 

X  LI 

3285  21 

22 

3348.  07 

c; 

3?8ft  98 

J  J 

9 

3348  23 

TT 

3287  55 

J  J 

16 

X  \J 

3348.  54 

TT 

32 

3291.  56 

80 

3349.  42 

JJ 

1  (SO 

X  w 

3293  07 

JJ 

19 

X  / 

3351.  44 

11 

3294.  04 

19 

3352.  89 

22 

3295.  33 

5 

3356.  18 

11 

3298.  20 

13 

3357.  37 

609065  O  -  62  -  23 
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Terbium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
trum  . 

m  K 

Intensity 

and 
Characte 

r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

^^5R  IXh 

TT 

J.  ± 

9n 

^u 

JHUO.  UX 

T  T 
X  X 

11 

3359.  86 

II 

4 

3407. 10 

II 

5 

3360.  05 

II 

9 

3408.  86 

II 

5 

DVJ,  C  7 

T  T 
1  ± 

u 

-i^nq  q/i 

JHV7,  VH 

T  T 
X  X 

34 

TT 
X  X 

7'? 

■^41  n  4n 

JHl  U.  tU 

T  T 

X 1 

11 

TT 
X  X 

7") 

■^41  n  71 

JJHXU.  /  X 

TT 
X  X 

9 

3364.  36 

II 

55 

3413.76 

II 

80 

3364.  93 

II 

28 

3416.  24 

II 

11 

TT 
X  X 

Q 
/ 

"^41  7  79 

T  T 
X  X 

16 

D  /  .  XO 

TT 
X  X 

L. 
D 

JtX  1,71. 

T  T 
X  X 

24 

d 

'^'^70  AT 
J  J  1  u,  ul 

TT 
X  X 

U 
D 

%d^ 8  8A 

TT 
X  X 

34 

3371.  50 

II 

6 

3418.95 

II 

55 

3372.  36 

II 

9 

3419. 54 

II 

48 

d 

"^■^79  7? 

TT 
X  X 

A 
U 

■^49n  "^4 
U,  J)  t 

T  T 
X  X 

20 

TT 
X  X 

L.  U 

■^499  44 

TT 
X  X 

55 

TT 
X  X 

Q 
o 

TT 
X  X 

11 

3376.  36 

II 

11 

3423.  96 

II 

17 

3376.  66 

II 

20 

d 

3424.  35 

II 

20 

T  T 
X  X 

X  X 

"^494  AA 

J?H^H.  DO 

T  T 
X  X 

11 

J/ J  /  O,  H  U 

T  T 
X  X 

u 
o 

"^49^  Q9 

T  T 
X  X 

34 

J  J  1  O,  1  J 

TT 
X  X 

X  X 

LA 

^498  1  A 

^       O.  X  O 

TT 
X  X 

55 

3378.  86 

II 

6 

3428. 71 

II 

9 

3379.  15 

II 

6 

3429.  09 

II 

17 

T  T 
X  X 

99 

■^4'=^n  Ai 

J'HJ^U.  DX 

TT 
X  X 

9 

TT 

X  X 

u 
u 

'^4'^1  8A 

-?H^X.  DO 

T  T 
X  X 

34 

T  T 

X  X 

1 1 

X  X 

■^4^9  -in: 

J'^JC.,  JD 

T  T 

X  X 

11 

d 

3386.  49 

II 

11 

3432. 90 

II 

9 

* 

3388.  37 

II 

34 

3433.  26 

II 

6 

■Z-iRR  ^7 
JJOO,  Oj 

TT 
X  X 

u 
o 

'^4'^4  ^4 

TT 
X  X 

11 

T  T 
X  X 

Q 
O 

•?4'i4  q9 

TT 

X  X 

22 

■s-ion  An 

vU.  ou 

T  T 
X  X 

Q 
O 

J"IJD,  J  J 

T  T 

X  X 

40 

3391. 28 

II 

9 

3436.  97 

II 

R 

3391.  72 

II 

20 

3438.  57 

II 

17 

T  T 
X  X 

■?4^9  05 

T  T 

6 

T  T 
X  X 

9ft 

3439  79 

X  X 

17 

J.  / 

T  T 
X  X 

'^440  ^7 

TT 

X  X 

JL  X 

3394.  77 

II 

8 

3441. 68 

II 

1  7 

3395.  02 

II 

34 

3444.  58 

II 

6 

J  Jy 1 ,  ou 

TT 
X  X 

99 

'^44A  40 

T  T 

X  X 

28 

T  T 
X  X 

9R 

TT 

X  X 

9 

•l-ZOR  CR 

T  T 
X  X 

X  X 

J?  t  J  u,  u 

TT 

X  X 

34 

3399.  10 

II 

11 

3452.  37 

II 

9 

3399.  30 

II 

8 

3453.  46 

II 

11 

T  T 
X  X 

85 

\J  D 

■?4';4  OA 

IT 

X  X 

?R 
^  o 

T  T 
X  X 

X  X 

T  T 

X  X 

22 

d 

•j/inn  RA 

^HUU. OD 

T  T 
X  X 

A 

II 

X  X 

44 

3402.  33 

II 

11 

3456. 55 

II 

6 

T  T 
I  X 

X  / 

11 

TT 

X  X 

6 

3404.  24 

II 

20 

3458.  71 

II 

17 

3404.  71 

II 

40 

3460. 38 

II 
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Terbium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

_  Energy 

P     "  Levels 
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3631.  46 

II 

T  T 
11 

/U 

3633. 

T  T 
11 

170 

3568.  98 

II 

20 

3635. 42 

II 

34 

3572. 07 

II 

70 

3638.  46 

II 

^  17 

3575.90 
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6194. 52 

II 

5 

6896.  37 

II 

1  2 

6195. 14 

4 

h 

6899.95 

JJ 

1.  0 

ft21  8  4 

3.5 

6902  08 

1.4 

ft222  25 

J  J 

1.  2 

6916  69 

W  /  X  w «  w  / 

JT 

1  0 

ft225  95 

J  J 

1.  2 

h 

6923. 09 

J  J 

1  2 

h 

6272.  36 

I 

1  0 

6989! 60 

II 

2  5 

P 

6292.  43 

0.  8 

7005. 99 

JJ 

2.0 

ft'^03  78 

1.6 

7082  85 

1.0 

A'^1  7  ft? 

O  J?  X  /  •  Ot. 

J  J 

1.0 

7089  22 

J  J 

2  0 

J  J 

1  0 

7112  69 

/  X  X  b.  «  w  / 

J  J 

2  n 

6322. 33 

II 

0  9 

7187.48 

II 

6331. 68 

0  9 

h 

7195.  89 

JJ 

2.5 

0^^*T.  /X 

JJ 

6 

7204.  28 

1.0 

JO.  #  t 

J  J 

1.8 

h 

7234  98 

J 

1  2 

ft'^'^7  R•^ 

J  J 

3  5 

7257  73 

J 

n  9 

6356. 40 

II 

1  6 

7311.57 

II 

n  9 

U,  7 

6359. 88 

4 

7348.  88 

II 

1.8 

c 

ft40'^  97 

JJ 

0.9 

7398  27 

II 

1  4 

1  4 

X  •  ~ 

h 

7424  24 

II 
X  X 

1.0 

c 

ftZlAl 

y  y 

0.9 

h 

7429  62 

IT 

X  X 

2.5 

6446. 87 

n 

0.  8 

7472.15 

1.0 

c 

ftdftl  74 

2.0 

7484  54 

II 

X  X 

1.4 

6470.  86 

0.  8 

7495.45 

0.8 

c 

6501.  33 

4 

7496.  12 
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Terbium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 

in  A 

Spec- 

LX  Lllli, 

Energy 
Levels 
in  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

1.6 

7499.  69 

II 

1.2 

7998.  93 

I 

2.5 

7511.40 

II 

1.  6 

800l! 04 

I 

0.  8 

7519.  77 

II 

1.  2 

h 

8010. 16 

II 

0.  6 

7557.  59 

II 

3.0 

8025. 42 

II 

2.  5 

h 

7582.  03 

II 

0.  6 

8046  06 

I 

2. 5 

7587.  49 

II 

0.  6 

8053  80 

I 

4 

7590.  24 

I 

1.8 

8067.  35 

II 

6 

7596.  44 

I 

3.  0 

8085.  06 

II 

1.6 

h 

7601. 18 

II 

2.5 

8164. 17 

II 

1.  6 

7616.  01 

II 

1.  2 

8171. 70 

2.  0 

h 

7624. 05 

I 

6 

8194. 82 

II 

3.  0 

7627. 81 

I 

9 

8212.  57 

II 

0.8 

h 

7639.  05 

II 

1.  0 

8214.  33 

I 

0.7 

7672. 72 

II 

3.  0 

8220. 37 

I 

0.  7 

h 

7694. 74 

II 

0.  7 

8259. 08 

I 

2.0 

h 

7706.  16 

I 

3.5 

8327.  00 

I 

2.0 

h 

7726.  97 

I 

4 

8387.  77 

I 

3.  0 

7737. 63 

I 

3.  5 

8450.  06 

II 

2.0 

7793.  20 

II 

0.  7 

h 

8465.  80 

II 

0.  7 

7807. 33 

II 

1.  4 

8468.  59 

I 

1.  5 

7832. 91 

II 

1.  2 

8502. 70 

II 

3.  0 

7855.  79 

II 

3.0 

h 

8512. 01 

1.4 

7864. 99 

II 

4 

8583. 45 

II 

0.6 

h 

7885. 70 

II 

3.0 

8603. 40 

I 

0.  6 

7913. 11 

3.5 

8661  91 

I 

2.5 

7927.  90 

II 

0.  8 

8678.  25 

I 

1.2 

7955. 31 

I 

4 

8688.  61 

I 

1.0 

7998.  03 

I 

6 

8765. 74 

II 
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THALLIUM 


Tl,  Z=81,  M=204.39,  Katio  ^=3.217 
'  '  '  Cu 

Tli  Normal  state  of  valence  electrons  6s^6p^  ^71^^=0.  I.P.=  49264  K 
Tin  Normal  state  of  valence  electrons  6s^      'So  =0.    I.P.  =  164765  K 
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Sons,  New  York,  1939). 
A.  Fowler,  Report  on  Series  in  Line  Spectra,  (Fleetway  Press,  London,  1922). 
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Relative  intensity  of  thallium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  thallium 


Strong  lines  of  thallium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

2000 
1800 
1200  cw 

500 

440  d 

3519.  24 
5350.  46 
3775.  72 
3529.  43 
2767.  87 

I 
I 
I 
I 
I 

7793-36200 
7793-26478 

0-26478 
7793-36118 

0-36118 

6s26pi  2P;h— 6s26di  ^Dan 
6s26pi  2p|^_6s27si  2So^ 
6s26pi  2P5j^^_6s27si  2SoH 
6s26pi  2P!>^— 6s26di  ^Dj^ 
6s26p'  2PSh— 6s26di  2Dih 

Thallium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
in  K 

3.  0 

2315.  98 

0-43166 

280 

2918.  32 

7793-42049 

40 

h 

2379.  69 

0-42011 

44 

2921.  52 

7793-42011 

70 

2580.  14 

0-38746 

120 

3229.  75 

7793-38746 

6 

2608.  99 

7793-46110 

2000 

3519.  24 

7793-36200 

8 

2665.  57 

7793-45296 

500 

3529.  43 

7793-36118 

42 

2709. 23 

7793-44693 

1200  cw 

3775.  72 

0-26478 

5 

h 

2710.  67 

7793-44673 

1800 

5350.  46 

7793-26478 

440 

d 

2767.  87 

0-36118 

1. 6  h 

6549.  77 

26478-41741 

28 

2826. 16 

7793-43166 

0. 6  h 

6713.69 

26478-41368 
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THORIUM 

Th,  Z=90,  M=232.05,  Ratio  ;^=3.652 

Cu 

Th  I  Normal  state  of  valence  electrons  6d'  7s'  ^2  =0.    I.  P.  =«50000  K 
Th  II  Normal  state  of  valence  electrons  6d^  7s'  'Diy^=0. 
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Wavelengths  and  Spectrum  Assignments: 
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J.  R.  McNally,  J.  Opt.  Soc.  Am.  35,  390  (1945). 

Relative  intensity  of  thorium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  thorium 

Strong  lines  of  thorium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

300 

4019.  13 

0-24874 

6d»7s2 

a  ^Diu —  575;^ 

110 

2837  30 

95 

3469.  92 

II 

4147-32957 

6^2/ s' 

CL  ^Fthi   81?].j: 

90 

3392.  03 

II 

1522-30994 

CL   ^Fql<:  ■  YS^i^ 

90 

3741.  19 

II 

1522-28244 

6d27si 

a  <F2H—  672h 

90 

4381.  86 

6700-29515 

5/'6d'7si 

a*Hlu; — ■  III4K 

80 

4391.  11 

4490-27257 

5/1 7s2 

a  2F1h— 5/'7si7p>  ^Gsu 

75 

3180!  20 

II 

1522-32957 

6rf27si 

75 

4116.  71 

II 

6168-30453 

5/i6di7s> 

a^H?!^ —  II24U 

70 

2832.  31 

II 

4147-39443 

6d27s' 

a  ^FsH—  106|h 

70 

3351.  23 

1522-31353 

6d27si 

«  ^FzK — 6d'7si7i)>  *Ffi< 

70 

3402  70 

70 

3434.  00 

II 

1860-30972 

6d27si 

a  ^Fiu —  2P§^< 

'73  *73 

70 

3609.  44 

II 

4113-31811 

6d'7s2 

^73  *73 

65 

3256.  28 

II 

65 

3262.  67 

II 

6168-36809 

5/>6d'7si 

a  *H5h—  1433K 

65 

3291.  74 

6214-36584 

6d27si 

a  *¥iu, — 6ti27B'  ^G§u 

^73          v-v    ■  ^                 "J  073 

5/'6di7si 

a  ^Fiu; — ■  1142i<; 
173                                 i  Xa 

60 

3325.  12 

II 

4147-34212 

6rf27si 

a  ^FoL^—  84Sl4 

0  73                                     "     » 73 

60 

3839.  74 

II 

6700-32736 

5/'6di7s' 

a*H|i< —  1193U 

60 

4108.  42 

II 

4490-28824 

5/'7s2 

a  2Fl}^ — 5p7s^7p^  ^Fzh 

55 

3188.  23 

II 

1860-33216 

6-^275' 

a  *Fii< — ■  82iLi 

6d'7s2 

a  2Dii/ —  692U 

55 

3721.  82 

II 

1860-28721 

6d27si 

a  ^F.^s —  ^Dfw 

1 73                                            J  73 

50 

3675.  57 

II 

1522-28721 

6^275! 

^73  iTa 

50 

4085.  04 

II 

10189-34662 

5/i6di7si 

a^HlH—  1306H 

50 

4086.  52 

II 

0-24464 

6d'7s2 

a  2D,H—  551h 

0-9441 

6d'7s2 

a  ^Dif —  54!u; 

50 

4282.  04 

II 

6168-29515 

5/'6di7s' 

a  '*H§j^ —  III4U 

073  *^72 

48 

2870.  40 

II 

1860-36688 

6d27si 

a  4^1^ — 6d27pi  ^GsH 

48 

3078.  82 

II 

4113-36584 

6di7s2 

a  2D2}^— 6di7si723i  *F|h 

48  d 

/      3511.  56 

4490-32960 

5/'7s2 

a  2F5h—  I2O1H 

1      3511.  67 

n 

4» 

o5c5y.  59 

U-^»^44 

a  2DiH —  672H 

48  d 

r      3617.  02 

15305-42944 

6d3 

a  2H4H— 6rf'7si7pi 

\      3617.  12 

46 

2747.  16 

0-36390 

6di7s2 

a  2D,H— 6rf27pi 

46 

3752.  57 

9238-35879 

5/'6(ii7si 

a  2G4V— 5/'7si7pi  ^OsH 

44 

2565.  60 

1860-40826 

6d27s' 

a  ^FiH— 6d27p'  ^DoH 

44 

3287.  79 

1522-31929 

6rf27s' 

a  <F2H— 6rf'7si7pi2Djj^ 

44 

3292.  52 

6700-37063 

5/i6rfi7si 

a*H|^ —  1454H 

44 

3334.  61 

6214-36194 

6d27si 

a  <F4H— 6(ii7s>7pi  *F|h 

44 

3337.  87 

1860-31811 

a  '¥iy~  Illy, 

44 

3358.  60 

1860-31626 

6d27si 

a  *F,j^— 6di7si7pi  ^D°ox 

44 

4178.  06 

7332-31259 

0  4F^>^—  1142j^ 

44 

4208.  89 

6700-30453 

a^Hlj^—  1124H 

42 

2692.  42 

0-37130 

6d'7s2 

a2D,H— 6d27pi  *D°oH 

42 

3238.  12 

42 

3719.  44 

I 

0-26878 

6d27s2 

a        _  268781 

42 

3803.  07 

I 

0-26287 

6d27s2 

a  3F2  —  26287! 

42 

3929.  67 

II 

0-25440 

6di7s2 

a  2Dii^ —  6I2H 
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Thorium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

Energy 
Levels 
in  K 

3.  0 

2326.  93 

1860-44822 

3.  0 

2542.  65 

II 

4490-43808 

3.0 

2354. 02 

II 

5 

2545. 34 

II 

6214-45489 

3.  0 

2356.  75 

0-42418 

3.  0 

2545.  74 

II 

4113-43383 

1  6 

2366.  04 

13 

2547. 90 

II 

4147-43383 

4 

2366.  98 

3.  0 

2548.  14 

II 

9585-48818 

1.  8 

2368.  05 

jj 

4490-46706 

1.  0 

2549.  99 

6 

2373.  84 

II 

0-42113 

1.2 

2551.  24 

II 

1522-40707 

4 

2375.  07 

1.  0 

2554. 65 

9 

2377.  84 

\\ 

4113-46156 

1.  8 

2555.  17 

II 

3.  0 

2384.  36 

0.  7 

2560.  93 

II 

3.  0 

2388.  14 

1522-43383 

7 

2561. 94 

II 

6168-45190 

3.0 

2393.  11 

II 

4490-46264 

44 

2565.  60 

II 

1860-40826 

5 

2404.  17 

24 

2566.  59 

II 

1522-40472 

5 

2404.  51 

4113-45689 

2.  5 

2567.  94 

2.  5 

2411.  30 

6 

2574. 48 

II 

4113-42944 

6 

2413.  41 

JT 

1522-42944 

1.  0 

2576. 32 

3.  0 

2423.  00 

II 

18 

2576.  69 

II 

4147-42944 

6 

2423.  68 

JJ 

9 

2579.  43 

II 

2.  0 

2431.  15 

4490-45611 

2.  0 

2580.  35 

II 

4 

2432. 85 

J  J 

5 

2580.  70 

II 

4490-43228 

3.  5 

2437.  54 

J  J 

3.  0 

2583. 45 

3.0 

2443. 96 

II 

1.2 

2586.  15 

II 

2.  5 

2444.  46 

1522-42418 

1.  0 

2587.  25 

II 

2.  5 

2450.  78 

JJ 

20 

2589.  06 

II 

1860-40472 

8 

2456.  30 

JT 

4490-45190 

5 

2595. 03 

II 

8379-46903 

2.  0 

2456.  86 

J  J 

20 

2597.  05 

II 

0-38494 

2.5 

2459.  01 

II 

0-40655 

20 

2600.  89 

II 

6214-44651 

8 

2466.  13 

4113-44651 

2.  5 

2607.  48 

II 

1522-39862 

5 

2468.  15 

JJ 

4147-44651 

2.  0 

2608.  32 

II 

8379-46706 

4 

2470.  59 

J  J 

9 

2609.  86 

II 

4113-42418 

3.  0 

2476.  95 

J  J 

1860-42220 

2.  0 

2611. 62 

1.2 

2485. 05 

II 

9061-49289 

20 

2618.90 

II 

4147-42319 

6 

2489. 62 

JJ 

6214-46368 

24 

2623.  45 

II 

4113-42220 

3.  0 

2494.  61 

24 

2625. 74 

II 

4147-42220 

6 

2495. 35 

J  J 

4490-44553 

2.  5 

2626.  40 

II 

1.  8 

2497. 56 

J  J 

5 

2628.  81 

II 

4490-42519 

5 

2498.  40 

II 

4490-44504 

1.6 

2630. 02 

II 

5 

2498.  86 

JJ 

6700-46706 

4 

2633. 33 

II 

8460-46424 

3.  0 

2502. 87 

3.  5 

2639.  51 

II 

1522-39397 

9 

2504.  28 

J  J 

1.  2 

2639.  88 

II 

3.  5 

2505.  60 

J  J 

4490-44389 

1.  2 

2640.  27 

II 

5 

2507.  91 

II 

0-39862 

1.2 

2640.  40 

II 

4490-42352 

2.  5 

2509. 96 

JJ 

9585-49415 

24 

2641. 49 

II 

0-37846 

2.  5 

2516.  42 

1.  2 

2642. 61 

II 

7 

2520.  66 

T  J 

1.  2 

2643. 27 

II 

7001-44822 

1.  2 

2525. 93 

TT 

9712-49289 

4 

2649.  48 

II 

2.5  d 

2526.  22 

4 

2649.  87 

II 

2526.  34 

JJ 

7331-46903 

15 

2650.  58 

II 

0-37716 

4 

2532.  43 

6214-45689 

13 

2658.  66 

II 

0-37602 

4 

2535. 87 

7001-46424 

3.0 

2661.  39 

II 

609065  O  -62  -24 
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Thorium  —  All  Observed  Lines 


Intensity 
and 

length 
in  ^ 

Spec- 
trum 

Energy 
Levels 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

2662. 34 

II 

8606-46156 

2.0 

2736.  44 

3.5 

2662.  86 

6 

2737.43 

8379-44899 

2  0 

2664  06 

4 

2738  33 

41  47  — 4nAt;t; 

1.  6 

2665.  89 

II 

6244-43744 

2.  0 

2738.  82 

II 

1.  0 

2667.  54 

II 

1.6 

2740.48 

II 

1.6 

2669. 45 

II 

16 

2743.  07 

II 

0-36445 

1.6 

2671. 47 

46 

2747.  16 

0-36390 

1  6 

2672.  94 

1  6 

2747.  58 

3.  0 

2675.  67 

II 

9061-46424 

4 

2747.*  85 

II 

7001-43383 

1.  6 

2678.  93 

II 

9585-46903 

3.5 

2748.  81 

II 

32 

2684.  29 

II 

9 

2749.  53 

II 

4113-40472 

11 

2687. 13 

8018-45221 

1.6 

2749.  71 

1  6 

2688  34 

4490-41677 

36 

2752.  17 

1522-37846 

2.0 

2691.  03 

I 

1.6 

2753.  09 

II 

4 

2691. 18 

II 

1.6 

2755. 96 

II 

42 

2692. 42 

II 

0-37130 

1.6 

2758. 96 

II 

1.6 

2693. 97 

4 

2759.41 

1  6 

2695. 02 

11 

2760  40 

8606-44822 

7 

2695. 21 

II 

11726-48818 

13 

2763.  62 

II 

6244-42418 

10 

2695.  56 

II 

9 

2764.  64 

II 

9061-45221 

2.5 

2695.  81 

II 

8606-45689 

9 

2765.  12 

II 

4490-40644 

3.5 

2696.  83 

12220-49289 

24 

2768.  85 

6214-42319 

4 

2697.  54 

X  — '      t—         ^    '  ^  \J  i— 

18 

2770.  82 

1522-37602 

6 

2698.  74 

II 

6244-43288 

18 

2771. 49 

II 

1.6 

2700.  60 

II 

9585-46603 

1.6 

2772.  01 

II 

2.  5 

2701.  82 

II 

1.  6 

2773. 02 

II 

24 

2703.  96 

1522-38494 

12  d 

2773.  96 

13251-49289 

15 

2708  18 

1522-38436 

2774. 07 

1.0 

2710.  48 

II 

4 

2774.  85 

II 

3.  0 

2711.46 

II 

1.8 

2775. 08 

II 

3.0 

2714.  61 
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II 

7332-38758 

42 

3238.12 

II 

4 

3181.  66 

II 

4 

3238.  94 

I 

6 

3182.40 

II 

6691-38105 

7 

3239.  29 

II 

8 

3182.  64 

II 

9061-40472 

8 

3240.  48 

II 

6691-37542 

4 

3183. 13 

II 

4 

3240. 64 

II 

4 

3183.  79 

II 

13251-44651 

17 

3241. 12 

II 

7001-37846 

22 

3184.  94 

II 

4490-35879 

8 

3244. 46 

I 

0-30813 

4 

3187.  00 

II 

20 

3245.  78 

II 

9061-39862 

4 

3187.  40 

II 

8 

3247.  59 

II 

55 

3188.  23 

II 

1860-33216 

8 

3248.  53 

II 

6691-37465 

19  d 

3190.  07 

II 

9585-40924 

7 

3249.  87 

I 

0-30762 

3190. 17 

II 

20 

3251.92 

I 

8 

3191. 08 

II 

1522-32850 

10 

3252.  74 

II 

6 

3191. 21 

II 

10 

3254.  82 

II 

7001—37716 

4 

3192.  57 

I 

2869-34183 

10 

3255.  51 

II 

4 

3193.16 

II 

65 

3256.  28 

II 

4 

3195.  69 

I 

0-31283 

13 

3257.16 

II 

9585-40278 

8 

3198.  23 

II 

13 

3257.  38 

I 

8 

3198.  48 

II 

8 

3259.  06 

I 

8 

3198.  71 

II 

6691-37945 

8 

3259.  61 

II 

6 

3198.96 

II 

8 

3260.  92 

II 

9238-39895 
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Thorium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 

T  ,p  T/p  1  e 

in  K 

Q 

^/lOl,  D4 

T  T 

4 

DDCO,  CD 

T  T 
11 

LDCDL — HDCOO 

65 

3262.  67 

II 

6168-36809 

4 

3329.  72 

8 

3263.  03 

II 

9585-40223 

18 

3330.  48 

I 

0-30017 

Q 
O 

^^04.  44 

T  T 
1  1 

1  o/i  no    /I  'xr\o~i 

LCH  /  c  —  HDVy 1 

7 

mo  /in 

DDDC, 4U 

T  T 
11 

1  ooor\    A  ooor\ 

LCCC\J  —  "iCCCV 

Q 
O 

^^DD.  DO 

T  T 
1  1 

1 D  DC  —  D  /  745 

DJDD, LD 

T 
1 

LOOy  —  DCOOD 

^/lO  /.  uu 

T  T 
I  1 

/UUi  —  D 1 OUc 

/I  /I 
44 

:?^^4.  bl 

T  T 
1  1 

b^l4  —  3bl74 

8 

3269.  48 

II 

6700-37277 

9 

3335.  06 

II 

8606-38582 

8 

3270.  83 

II 

0-30565 

44 

3337.  87 

II 

1860-31811 

Q 

o 

DC  1 C,  UD 

U  —  ^U55^ 

0 
7 

DDDO.  Dy 

T  T 
1  1 

1  DDC —  D 1  CI  1 

cc. 

O'57'j  QQ 
JC  1  J,  07 

T  T 
1  1 

/I  Kl 
4  Dl 

^:541.  Di. 

1  nU 

^il  / 5,  Uo 

T  T 
1  X 

4 

IIAI  OC, 
DDHD. CO 

T  T 
11 

22 

3280.  37 

II 

8018-38494 

9 

3343.  61 

I 

4 

3282.  96 

II 

9 

3344.  87 

II 

7829-37716 

n 
7 

/  Dl 

BO 

DD'iD,  07 

1  JUJ 

JC.OO,  DO 

T  T 
1  I 

OUiO  —  ^04^0 

LD 

'i'^/lA  c;c; 
^^4b.  DD 

T  T 

1 1 

OC QC      IQA CQ 
7DOD  —  ^74D0 

/I  /I 

jdO  1 ,  /  7 

T  T 
J.  I 

CC 

"^■^'/Ifl  77 
^^4o,  /  / 

T 

1 

n  ooQcx 
U  —  cyODD 

9 

3290.  12 

9 

3348.  96 

II 

65 

3291. 74 

II 

6214-36584 

70 

3351.  23 

II 

1522-31353 

/I  /I 

DdVC,  DC. 

T  T 

1  Jl 

o / uu  —  ^ / UD^ 

0 

7 

DDDD,  73 

T  T 

1 1 

11117  /I  noo/i 

1111  /  —  4U7^:4 

Q 

7 

Do 

T  T 

CC 

J^D4,  lo 

T  T 

1 1 

i  / 

JCVD, 74 

T  T 
1  1 

ycXJC  —  DyDDc 

14 

^^34,  bl 

T  T 
1  1 

fl'^7Q    "ifli  an 

OD  17  ^oloU 

9 

3294.  99 

II 

9 

3355.  25 

II 

13 

3295.  32 

II 

6244-36582 

7 

3356.  82 

II 

Q 
7 

DC.7D,  DC 

T  T 
X  1 

QnAI  "20707 
7UD1  — J7 j)7  / 

44 

DDDO,  bU 

T  T 
1  1 

1  QAn     "21  AOA 

1 obU  —  ^1 bcb 

11 

JC7  0,  OU 

T  T 
1  I 

LcyUC —  HDCCQ 

Q 
7 

'2'1  An    1  c: 
DDO\},  ID 

T  T 
1  1 

1  1  R7A     /n  lOQ 
llD/b  —  41  DCO 

Q 
7 

icr)  1 ,  DO 

T  T 
I  I 

q 

7 

■^'^An  "^7 
DDOUt  D  1 

T  T 
1  1 

1  / 

DCn 1 ,  OJ 

T  T 
1  1 

001Q  —  "XQ^^O 
y  CDO  —  DyDDC 

u 

"^"^Al  AT 
DDOL, bl 

T  T 
1  1 

/I 

4 

jcyo,  U4 

"^"^Al  7"? 
^^bl.  ID 

T  T 
1  1 

Q79n  —1QAC,!3 
7  1  C<J  —  ^  74Do 

/I 

JJUV,  Dl 

T  T 
1  1 

ID^/:  —^1011 

7 

HUO    1  B 
J^bil,  lo 

T  T 
1  1 

1  / 

^^Ul.  CO 

T  T 
1  1 

q 

7 

nuo  t;n 

^^b^,  DU 

T  T 

1  1 

Q71 O  1QAA1 
7  1  XC  —  D7HHD 

DJ\J±,  JD 

c 
D 

DDOC,  0  1 

17 

3301.  63 

II 

9 

3363.  06 

II 

8379-38105 

9 

3303. 48 

II 

9 

3363.  70 

II 

0-29720 

n  /I   o  /I 
3iU4.  ,i:4 

U  —  ^UiiDD 

lo 

•2'lCA  AO 

^^b4,  b7 

T  T 
1  1 

/I 
4 

1  '2  n  c  ^  n 

J  DVD,  DV 

o 

7 

^^bD. DD 

T 
1 

ZOb7  —  DCD ID 

Q 

7 

iir\o  1/1 
JiU7.  14 

T  T 
11 

1 DDC  —  D  ID"tC 

1  Q 
lo 

lice  CO 
DDOO,  DC 

T  T 
1  1 

1  lO  AQ      AOQA  A 
i-DCH^  —  4^1744 

9 

3309.  36 

0-30209 

28 

3367.  81 

II 

4490-34175 

13 

3310.  24 

II 

6244-36445 

18 

3371.  79 

II 

/I 

4 

DDlD.  Ub 

0 
7 

nil  AQ 
DD  1 D,  47 

T 
1 

li 

ddId.  o4 

T  T 
11 

lo 

DD  1  4.  DO 

T  T 
1  1 

T  7 
1  / 

on  A  on 

T  T 
11 

lo 

H~IA  QB 
DD  1 4,  70 

T 
1 

4 

3317.  73 

II 

13251-43383 

5 

3376.  84 

II 

10673-40278 

4 

3318.  97 

II 

6691-36813 

28 

3378.  58 

II 

8018-37608 

<iU 

•2 1  o  n  o  Q 
DDcyj.  cv 

T  T 
11 

c~rr\r\  "i^Qno 
D  / UU  —  ^DCSU7 

o 

7 

'^■^fln  BA 
DDoyj,  ob 

T 
1 

9BAQ  lOAIQ 
CO07  —  DcHD7 

i>b 

lion    /I  /I 
i^^l. 44 

T  T 
11 

miD  —  DHC1.C 

q 

7 

DDOl, DD 

T  T 
1 1 

7DoD  —  ^7lDl 

4 

DDCC.  U7 

^DDO  —  ^^ibDl 

q 

7 

DDOD,  14 

T  r 
1 1 

28 

3324.  75 

II 

1860-31929 

22 

3385.  53 

II 

4490-34019 

60 

3325.  12 

II 

4147-34212 

22 

3386.  50 

II 

9061-38582 

7 

3326.  45 

II 

4490-34544 

8 

3387.  91 

I 

9 

3327.18 

II 

12472-42519 

8 

3388.  58 

II 
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Thorium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 

trum 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

9 

3389.  46 

I  8111-37606 

9 

3441. 36 

II 

6691-35741 

22 

3389.  65 

II  1860-31353 

8 

3442.  58 

I 

4962-34001 

8 

3390.  36 

5 

3443. 11 

II 

9401-38436 

90 

3392.  03 

II  1522-30994 

5 

3444.  00 

II 

10673-39701 

5 

3393.23 

14 

3445.  21 

II 

8 

3394.13 

J  J 

5 

3445.  38 

II 

12472-41488 

9 

3394.  79 

14 

3445.  73 

II 

14791-43804 

8 

3395.  37 

II  7001-36445 

5 

3449. 28 

II 

9 

3396.  41 

12 

3449.  65 

II 

10572-39552 

14 

3396.  73 

I  3865-33297 

8 

3450.  94 

II 

13251-42220 

16 

3397.  52 

J 

9 

3451. 70 

II 

9202-38165 

18 

3398.  53 

19 

3452. 68 

II 

6244-35199 

14 

3401. 68 

II  7001-36390 

8 

3453. 51 

I 

14 

3402.  02 

I  8460-37846 

7 

3454.  20 

II 

9238-38180 

70 

3402.  70 

14 

3461. 02 

I 

0-28885 

14 

3403. 28 

II  9061-38436 

19 

3461.  22 

I 

4962-33845 

12 

3404.  63 

II  10189-39552 

24 

3462.  85 

II 

9712-38582 

14 

3405.  56 

I  3688-33043 

19 

3463. 72 

II 

13251-42113 

9 

3406.  23 

II  6691-36041 

5 

3465. 03 

5 

3407.  82 

32 

3465.  77 

II 

6700-35546 

18  d 

3408.  63 

J  J 

9 

3465. 92 

II 

4113-32957 

3408.  75 

I  2869-32197 

19  d 

3466.  52 

I 

4962-33801 

14 

3409.  26 

II  10572-39895 

3466.  64 

I 

4962-33800 

12 

3411. 77 

II  7829-37130 

28 

3468.  22 

II 

18 

3413.  01 

12 

3469.  34 

9 

3414.  51 

II  9585-38864 

95 

3469.  92 

II 

4147-32957 

5 

3415.  88 

12 

3471.  21 

I 

3865-32666 

14 

3418.  77 

II  4113-33355 

5 

3471. 95 

I 

7280-36074 

14 

3418.  94 

II  4490-33731 

9 

3473. 03 

II 

9061-37846 

19 

3419. 17 

7 

3473. 41 

II 

9712-38494 

28 

3421.  21 

I  2869-32090 

12 

3476.  53 

II 

6700-35456 

14 

3422.  65 

II  4147-33355 

5 

3477.  70 

9 

3423. 11 

II  12472-41677 

9 

3478. 12 

II 

9202-37945 

19 

3423. 99 

I  0-29197 

9 

3478.  46 

II 

9 

3425. 15 

II  9202-38389 

18 

3479.  17 

II 

6691-35426 

9 

3425.  94 

II  9401-38582 

5 

3480.  05 

I 

8111-36838 

14 

3429.  00 

I  2558-31713 

9 

3482.  55 

II 

9585-38292 

8 

3429.  39 

II  9238-38389 

9 

3482.  76 

II 

1860-30565 

9 

3429.  88 

II  4490-33637 

14 

3485.  20 

II 

8379-37063 

9 

3431.  80 

28 

3486.  50 

II 

3486. 54 

I 

70 

3434.  00 

II  1860-30972 

9 

3434.  74 

5 

3490.  26 

II 

55 

3435.  98 

II  0-29095 

5 

3490.  45 

T  T 

II 

19 

3436.  71 

II  9202-38292 

5 

3491. 57 

II 

9 

3437.  02 

II  8379-37465 

19 

3493.  52 

II 

7829-36445 

24 

3437.  31 

I  2869-31953 

9 

3495. 70 

I 

24 

3438.  95 

II  13249-42319 

5 

3496.  81 

I 

0-28589 

5 

3439.  40 

5 

3497.  01 

II 

38 

3439.  72 

5 

3497.  26 

9 

3441. 01 

14 

3498.  00 

II 
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Thorium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
t  mm 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

9 

3498.  62 

I 

12 

3557.  47 

II 

6168-34270 

9 

3498.  95 

I 

7502-36074 

38 

3559.  45 

II 

6244-34330 

3498.  99 

II 

9720-38292 

19 

3559.  95 

II 

8606-36688 

14 

3499.  98 

II 

8018-36582 

5 

3561. 78 

I 

10 

3501. 46 

II 

8 

3563. 37 

I 

5 

3501. 94 

II 

7332-35879 

5 

3564. 72 

II 

14 

3502.  77 

II 

9061  -37602 

10 

3565.  39 

I 

10 

3503.  61 

II 

5 

3567.  06 

II 

6700-34727 

5 

3503.  78 

I 

12 

3567.  26 

I 

0-28025 

10 

3505. 48 

II 

5 

3567.  69 

II 

12902-40924 

5 

3506.  85 

II 

15237-43744 

5 

3569. 62 

II 

6168-34175 

5 

3509.  09 

I 

10 

3569. 82 

I 

3865-31870 

8 

3511. 16 

I 

8 

3571. 57 

II 

10189-38180 

48  d 

3511. 56 

II 

4490-32960 

24 

3572.  39 

II 

8460-36445 

3511. 67 

II 

14 

3573. 22 

II 

8606-36584 

10 

3512.  74 

II 

9720-38180 

38 

3575.  32 

II 

6700-34662 

14 

3514.52 

II 

9401-37846 

14 

3576.  56 

II 

15145-43097 

5 

3514.  96 

II 

24 

3579.  35 

II 

8460-36390 

10 

3516.  36 

II 

8379-36809 

10 

3580.  23 

10 

3516.  83 

II 

8018-36445 

14 

3582. 01 

10 

3518.  40 

I 

2869-31283 

10 

d 

3583. 04 

II 

5 

3518.  89 

II 

7332-35741 

3583. 11 

I 

4962-32863 

5 

3521. 06 

I 

8 

3584.18 

I 

2869-30762 

24 

3521. 92 

II 

9 

3585. 06 

II 

5 

3523.  53 

II 

8018-36390 

19 

d 

3585.  76 

II 

9585-37465 

3585.  89 

II 

5 

3526.  64 

I 

0-28348 

10 

3528.  82 

II 

12 

3588.  22 

II 

1860-29720 

19 

3528.  95 

II 

8 

3589.  15 

II 

6700-34554 

8 

3530.  52 

I 

14 

3589.36 

II 

6691-34544 

10 

3531. 44 

I 

4962-33271 

12 

3589. 75 

I 

7502-35351 

10 

3531. 92 

II 

8 

3591. 06 

II 

8606-36445 

14 

3537.  15 

II 

9202-37465 

10 

3591.46 

I 

3688-31524 

24 

3539.  32 

II 

4490-32736 

19 

3592.  78 

I 

48 

3539.  59 

II 

0-28244 

10 

3593. 88 

II 

10572-38389 

10 

3541. 62 

II 

8460-36688 

5 

3595. 33 

II 

12472-40278 

5 

3542. 50 

I 

5 

3595.  61 

I 

13 

3544. 02 

I 

8800-37009 

19 

3598.12 

I 

0-27784 

5 

3545. 00 

I 

28 

3601. 04 

II 

18  d 

3545.  18 

II 

24 

3603. 21 

II 

9720-37465 

3545.  29 

II 

1522-29720 

5 

3603. 36 

II 

5 

3545.  96 

I 

5 

3604.  05 

II 

10 

3547.  34 

I 

3688-31870 

8 

3604.  68 

I 

5563-33297 

12 

3549.  60 

I 

8111-36275 

5 

3605.  20 

I 

5 

3550.  29 

II 

8 

3605.  65 

II 

10 

3551. 40 

I 

12 

3608.  38 

I 

14 

3553.11 

II 

14 

3609.  22 

II 

5 

3553.38 

II 

9712-37846 

70 

3609.  44 

II 

4113-31811 

14  d 

3555.  02 

I 

2869-30991 

17 

d 

3610.  04 

II 

3555.  10 

II 

3610.13 

II 

5 

3555.  71 

I 

12 

3610.  40 

II 

365 


Thorium 


—  All  Observed  Lines 


Intensity 

and 
ChcLracter 

-\xj ^  , 

W  ave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  is. 

Intensity 

and 
Char  acte  r 

Wave- 
length 
m  A 

Spec- 
trum 

Energy 
Levels 
in  K 

14 

3610.79 

II 

4113-31800 

10 

3668.  14 

I 

14 

3612.43 

I 

0-27674 

20 

3669.  96 

I 

8111-35351 

5 

T 

X 

n  —  P7A71 

3A7n  riA 

T  T 
X  I 

HXX^  —  ^XJ)D^ 

10 

3613.  78 

II 

4147-31811 

7 

3671. 54 

I 

6362-33591 

10 

3614.  01 

II 

10 

3673.  26 

II 

5 

3614.  21 

I 

14 

3673.  79 

II 

7332-34544 

5 

3614.  35 

I 

50 

3675.  57 

II 

1522-28721 

34 

IT 

J.  ± 

41  47  —  31  800 

28 

3A78  04 

TT 
X  X 

«ni  8  —  3R1  QQ 

OUXO  JDXyy 

48  d 

3617.  02 

II 

15305-42944 

20 

3679. 72 

II 

3617.12 

II 

6 

3681. 88 

II 

11576-38729 

8 

3618.  36 

I 

7502-35131 

17 

3688.  76 

II 

3 

3619.  71 

II 

10673-38292 

15 

3690.  49 

II 

9720-36809 

1  4 

TT 

J.  J. 

1  3 

X  ^ 

3^i91  Rfi 

T 
X 

19 

3621.  12 

II 

10572-38180 

12 

3692.  57 

I 

3688-30762 

10 

3622.  33 

I 

5563-33162 

20 

3693. 90 

II 

8 

3622.  80 

I 

3688-31283 

11 

3695.  98 

II 

11117-38165 

19 

3624.  90 

II 

6700-34279 

5 

3696.  65 

II 

9401-36445 

C  O 

TT 

±  ± 

5 

3f)97  03 

TT 

J.  X 

Al  AR  — 33Pnq 

\JXUO       U  J  L-\J/ 

14 

3625.  89 

II 

13 

3698.11 

I 

9805-36838 

3625.  93 

II 

9238-36809 

4 

3698.  30 

II 

11726-38758 

8 

3632.  62 

II 

9061-36582 

8 

3700.  77 

II 

15305-42319 

10 

3632.  83 

I 

3.0 

3700.  98 

I 

5563-32575 

17 

3634.  58 

I 

3.0 
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7100.  52 

II 

0.  5 

h 

6658  68 

IT 

X  X 

9401  —2441  5 

1.  8 

71 24  56 

T 

n  — 1 4n79 

U       X*tU  J c 

2.  5 

6662.  27 

7502-22508 

0.  6 

7130. 29 

I 

0.  3 

6678.71 

I 

7280-22249 

0.  9 

7131. 36 

I 

1.0 

6692.  71 

II 

4113-19051 

0.  8 

7140. 45 

II 

1.  0 

6704. 04 

II 

8460-23373 

0.  8 

7148.  55 

I 

1.  0 

6713  98 

6362  —  21  253 

0.  9 

71  5f)  2fi 

T 

-^BAi;  _i  7n47 

1.  0 

6719. 19 

I 

1.  6 

hw 

7154.  94 

I 

7280-21253 

2.  0 

I 

5563-20424 

2.  5 

hs 

7155.  38 

1.  0 

6733.  76 

I 

0.  8 

7156.  94 

I 

4962-18930 

0.  8 

6742.  87 

J 

12848-27674 

1.4 

hs 

7158.  56 

2.  5 

ft75f)  45 

3.  0 

hs 

71  R9  in 

0.  8 

6765. 69 

I 

0.  9 

7159.93 

I 

13297-27260 

1  2 

6770.  10 

II 

1  2 

X  •  *— 

hs 

7164.  88 

1.0 

6772. 17 

I 

15493-30255 

5 

7168.  90 

I 

0.  8 

6778.  31 

J 

3865-18614 

1.2 

7173.37 

0.  9 

0.  9 

7176  72 

/  J.  /  VJ.    /  C 

TT 

1.4 

6780.  41 

I 

8111-22855 

7 

7191. 14 

II 

0.  8 

I 

1.  2 

7200.  04 

I 

7280-21165 

0.8 

6788.  84 

I 

0.  8 

7206.  48 

I 

0.  8 

6791. 23 

8800-23521 

6 

7208.  01 

8800-22670 

0.7 

6804  73 

IT 

X  X 

1.  8 

7212  69 

J 

1.  0 

6810. 54 

II 

1.  6 

7217.  75 

II 

0.  8 

6812.77 

II 

1.  8 

7218.  05 

I 

9805-23655 

1.0 

6824.68 

I 

0.7 

7219. 15 

I 

1.  4 

6829. 04 

7502-22142 

0.  8 

7230. 86 

1.  8 

^i834  92 

\J\J        %  / 

J 

0.  8 

7244  69 

J 

0.9 

6854.  11 

I 

13089-27674 

1.  2 

7284.  90 

I 

3688-17411 

0.  7 

6868.  45 

I 

13297-27853 

0.  8 

7285.  62 

1.0 

6874. 75 

I 

2869-17411 

1.2 

7287.  05 

I 

2.5 

6889. 30 

1.  8 

hs 

7288.  97 

1.4 

bl 

^i894  5 

ThO 

1.  8 

7305  40 

II 

Jl  X 

2.  5 

6909.  85 

II 

1.  2 

7324.  81 

4 

6911. 23 

I 

1.2 

7328.  28 

I 

7280-20922 

6 

6943. 61 

I 

9805-24203 

1.2 

7335.  57 

II 

1.0 

6952. 95 

II 

1.4 

7341.  15 

{ 

9 

6989.66 

0.  8 

7342. 58 

4 

6993. 04 

II 

7001-21297 

0.9 

7346.  34 

II 

3.0 

7000.  80 

1.0 

h 

7358.  35 

II 

1.6 

7018.57 

1.4 

7376.  88 
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Energy 

J_jC  V  C  i.  O 

in  K 

i.  c. 

73o3. 71 

{ 

1.  8 

7941. 73 

i>.  u 

7385.  50 

3688-17224 

1.2 

h 

7972.  59 

\ 

7393. 44 

I 

4 

7978.  97 

3688-16218 

0.9 

740^. 24 

n  0 

0.  8 

-70  m  0 

7981. 23 

II 

3.5 

700n  0^^7*27 

/iloU  —  d\j  1  i  1 

U.  6 

~1  Ck  oi     /  0 

7981. 68 

T  T 

II 

i.  D 

7/1 1  n  o  c 

o3o^:  —  i7oi  / 

1.  8 

~7n  0  ~7  no 

7987.  98 

n  7 

7447.  84 

I 

1.8 

8032.  43 

\ 

7502-19948 

i.  o 

7481. 35 

0.  6 

8054.  52 

II 

1.2 

7C1  T  /I 

/bii. 34 

T  T 
1  1 

1  0 

1.  8 

0  n  /  0    /  0 

8062.  63 

8 

ID^D.  bi 

T  T 
1  1 

0  n 

0. 9 

0  0  ~7  fT       /  C 

8075. 65 

11803  -24182 

U.  / 

0. 9 

0  n  0  c  00 

8085. 22 

8800-21165 

U.  o 

7536.  41 

II 

0.  8 

8093. 60 

J 

3865-16218 

i.  ^ 

7549.  31 

I 

7280"-20523 

1.2 

8122.  73 

I 

1.2 

7566.  b3 

1  0 

1.  8 

on  00    A  / 

8138.  46 

5563-17847 

3.0 

"7  C  Z.  -7  "7/1 

/b67.  74 

0.  9 

n 

n T  00  no 

8139.  92 

T  T 

II 

/I 
'J 

"7C  OC  ~7'2 

7bob.  73 

3.  0 

8143. 16 

II 

14349-26626 

U.  o 

7598.  20 

II 

0.  8 

8152. 40 

1.  2 

7625.  70 

I 

8800-21910 

2.0 

8159.  75 

6362-18614 

0.  8 

loll,  16 

1.  6 

on  /  0  T 

8163. 15 

II 

0.7 

h 

7630,  3U 

1.  2 

0  T  /  /     yi  -7 

8166.  47 

*7  Z.  /I  "7  00 

ib'il.  3o 

1.  2 

OT   /  0  OT 

8169.  81 

7280-19517 

1.  2 

7653. 83 

2.5 

8186.  92 

J 

0,  6 

7658.  32 

8111-21165 

2.0 

8203. 21 

I 

1.2 

7676.  22 

T  T 

II 

n  0 

1.  2 

8217.  23 

II 

0.  6 

7678.  12 

7502  —  20523 

0 

0.  8 

8252.  39 

3.  5 

"7  z.  0  c  on 
76c35.  30 

II 

0.  6 

0  n  /  n  00 

8261.  02 

U.  O 

7693. 80 

II 

0.8 

8263.  93 

1  /I 
1.  4 

n 

7701. 11 

II 

3.0 

8275.  63 

I 

0.9 

— 7  -7  r\  0  f — 7 

7709.  57 

T  T 

II 

2.  5 

0000     0 / 

8320.  86 

7502  —  19517 

0.  6 

7710.  27 

5 

00  00  A'n 

8330.  47 

TrOO  TOr"rtO 

7502  —  19503 

1.  6 

"7  "7*2  T  "7/1 

7731. 74 

II 

0.  7 

00  C  0  "70 

8358,  72 

U.  O 

7742.  57 

0.7 

8369.34 

J 

U.  b 

7743. 95 

II 

1.0 

8387.10 

II 

1.  2 

"7"7  0  0     '2  0 

3. 0 

0  >i  n  0  "7n 

8403.  79 

T  T 

II 

I.  5 

"7  "7  0  ~7  on 
7787.  80 

T  T 

II 

2. 5 

0 yn  /  "70 

8416.  72 

2.  b 

"7  "7  0  0  no 

77oo,  93 

II 

0. 9 

0  /1 1  0    n  n 

8418.  00 

U.  9 

-7-700    0  Z. 

7798.  36 

2. 0 

0     0  T  00 

8421. 22 

T  T 

II 

3.  5 

~7  Ol  "7  ~7"7 

7817. 77 

1  /I 

1.  4 

n  A  A  c  /in 

8445.  49 

oi  T  1       n  nn  /i  0 

8111  —  19948 

1.4 

-7  0  0  /I      /I  / 

7834.  46 

T  T 

II 

0  C 

3.  5 

C\  A  A  /      tr  T 

8446.  51 

1.0 

d 

7840.  31 

0.  9 

0  /I  r*  0    /  "7 

8450.  67 

T  T 

II 

7o4U,  45 

0  n 

3. 0 

0  ^  *7  0     0  "7 

8478.  37 

5563—17355 

U.  9 

7841.  79 

J 

0.9 

8500.  67 

J 

2.  5 

7847.  54 

I 

1.0 

h 

8516.55 

I 

0.6 

7848.  45 

8800  —  21540 

0  "7 

0.  7 

0  c  /1 0  n 

8543.  69 

rv  "7 

0.  7 

"7  0/10      /  0 

7849.  62 

II 

0.  6 

0  r-  /I  yi  CO 

8544. 58 

2.0 

7865.  97 

0.  6 

n 

0  c  c /  00 

8556.  32 

1.6 

bl 

7868.  40 

0.7 

8568.  22 

II 

1.0 

-700/  00 

7886.  28 

6362—19039 

1.  8 

0  C  "7'3  1/1 

8573.  14 

bbo3  —  i  /  cd.'\ 

1.2 

7897.  99 

0.  8 

h 

8587.  64 

II 

1.8 

7900.  32 

II 

12220-24874 

2.0 

8591. 85 

II 
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0.  6 

8639.  44  I 

2.5 

8758.  24 

I 

8800 

-20215 

0.  6 

8645.  31  I 

13962 

-25526 

1.  4 

h 

8775. 58 

I 

8111 

-19503 

1.6 

8665.  50  I 

7502 

-19039 

1.  4 

h 

8784.  57 

II 

1522 

-12902 

0  7 

8668.  11  I 

12848 

-24381 

1.  4 

8816. 16 

II 

4113 

-15453 

0.7 

8686.  12  II 

1.  0 

8841. 16 

I 

0.9 

8709.  24  I 

3688 

-15167 

3.0 

8842. 08 

II 

4147 

-15453 

0.  8 

8719.  63  I 

2.5 

8868.  81 

I 

0.  8 

8721.  67  I 

2.5 

8957.  97 

II 

1.4 

8732.  42  II 

7 

8967.  61 

I 

8800 

-19948 

3.  0 

8748.  03  I 

7502 

-18930 

2.5 

bl 

8971.  96 

ThO 

1.0 

8749.  16  I 
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THULIUM 

Tm,  Z=69,  iW=  168.94,  Ratio  4?^— 2.659 

Cu 

Tm  I  Normal  state  of  valence  electrons  4/^  65^  ^F3^^=0.    I.  P.  ^50000  K 
Tm  II  Normal  state  of  valence  electrons  4/^^  6s'  =0. 
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Tm  I,  Tm  ii,  W.  F.  Meggers,  Rev.  Mod.  Phys.  14,  96  (1942),  and  unpublished  material  (1961). 


Relative  intensity  of  thulium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  thulium 


Strong  lines  of  thulium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

800 

3462. 

20 

II 

0-28875 

4/i36si3F|  —288755 

750 

3848. 

02 

II 

0-25980 

4/"6si  3F|  —259803 

750 

4094. 

19 

I 

0-24418 

4/i36s2  2F|j.^— 244184K 

700 

3131. 

26 

II 

0-31927 

4/»6si3F|  —319275 

700 

4105. 

84 

I 

0-24349 

4/»6s2  2F5k— 243494j^ 

650 

3717. 

92 

I 

0-26889 

4/"6s2  2F|,^— 268894H 

650 

4187. 

62 

I 

0-23873 

4/i36s2  2F§H— 238734H 

600 

3425. 

08 

II 

237-29425 

4/136S'  3F|  —294253 

600 

3795. 

76 

II 

237-26575 

4/'36si  3F|  —265754 

500 

3761. 

33 

II 

0-26579 

4/"6s'  3Fi  —265793 

500 

3883. 

13 

I 

0-25745 

4/i36s2  2F|^— 257454H 

460 

3441. 

50 

II 

237-29286 

4ji36si3F§  —292862 

460 

3453. 

67 

II 

237-29183 

4/i36si  3F§  —291834 

440 

4203. 

73 

I 

0-23782 

4/i36s2  2F§j2— 237824J4 

420 

3744. 

07 

I 

0-26701 

4/i36s2  2F§>4— 26701 4H 

400 

3700. 

26 

II 

237-27254 

4/»6s>  3F|  —272544 

400 

3761. 

91 

II 

0-26575 

4/'36s>  3F3  —265754 

400 

3887. 

35 

I 

0-25717 

4/i36s2  2F|^^— 2571  73H 

380 

3362. 

62 

II 

237-29967 

4/>36s'3F§  —299672 

320 

3701. 

36 

II 

0-27009 

4/i36s'3F|  —270094 
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o 

??84  ao 

TT 

X  X 

10  d 

2513  77 

T 

?3?9  7R 

C  J  C-  /  ^   1  \J 

TT 

2513.  85 

11 
X  X 

7 

?331  78 

III 

XXX 

2  5 

2518!  46 

II 

7 

2338  36 

III 

XXX 

11 

2519.  80 

III 

-J 

7340  93 

T  T 

X  X 

22 

2520.  87 

II 

252o!  94 

II 

±  c 

?357  OS 

TIT 

XXX 

5 

2361.  23 

III 

28 

2522.  16 

II 

5 

2363.  93 

III 

20 

2524. 09 

II 

237-39843 

TT 

X  X 

14 

2527.  03 

7 

7'^67  1 1 

T  T 

X  X 

237-42470 

12 

2527*  42 

II 

JL  X 

0-39554 

Q 
o 

7383  68 

TT 

X  X 

4 

2527. 86 

II 

6 

2388.  95 

II 

2.  0 

2531.  43 

II 

4 

2408.  23 

II 

13 

2542. 66 

II 

237-39554 

JC. 

7409  03 

TT 

X  X 

3  5 

2544.  02 

II 

7 

941 7  44 

TT 

X  X 

3  5 

2551.  51 

II 

5 

P41  Q  "Kl 

TT 

X  X 

13 

X  y 

2552  49 

III 

2.5 

2420.  21 

II 

40 

2552.  75 

II 

9 

2421. 64 

II 

60 

2561. 65 

II 

7473  78 

IT 

X  X 

17 

2563  86 

II 

7476  16 

TT 

X  X 

7 

2565.  98 

II 

237-39197 

5 

7478  47 

TT 

X  X 

4 

2568.  26 

II 

3.0 

2430.  75 

II 

4 

2569.  34 

II 

5 

2434.  74 

II 

5 

2574. 56 

III 

7436  19 

TT 

X  X 

4 

2583. 42 

II 

D 

7437  66 

TT 

X  X 

48 

2588.  27 

II 

9/140  AQ 

TT 
X  X 

4 

2594  97 

II 

X  X 

14 

2445. 46 

II 

19  h 

2596.  49 

4 

2445.  94 

II 

12 

2601.  08 

7 

7447  40 

TT 

X  X 

24 

2606.  01 

II 

0-38361 

Q 
7 

74^1  70 

TT 

X  X 

90 

2607.  05 

II 

237-38583 

d 
H 

TT 

X  X 

6 

2609.  46 

II 

9 

2458.  57 

II 

8 

2613.  59 

II 

9 

2464. 94 

II 

4 

2615.  99 

II 

zl.  u 

7471  "^A 

/  X.  jKj 

T  T 

X  X 

8 

2616.  31 

II 

q 

747A  Q6 

/  O.  70 

TT 
X  X 

4 

2616!  99 

7480  T? 

t.tOU.  X-? 

TT 

X  X 

237  —  40545 

4 

2620.  93 

II 

17 

2481.15 

II 

8 

2622.  21 

II 

237-38361 

14 

2487.  52 

II 

75 

2624.  34 

II 

0-38094 

/I 

74Q0  Q"^ 

T  T 
X  X 

7 

2629.  78 

II 

on 

74Q1  tiQ 

^H/X,  37 

T  T 
X  X 

4 

2632. 23 

II 

1  n 

TT 
X  X 

6 

2637. 23 

II 

11 

2499.  52 

II 

7 

2638.  41 

II 

6 

2502. 69 

II 

22 

2640.  77 

II 

237-38094 

7 

7^104  74 

T  TT 

XXX 

4 

2642. 83 

II 

ocnc  oq 

T  T 

X  X 

0  —  39894 

4 

2643. 50 

II 

2506.  45 

T  T 

X  X 

13 

-1-  ^ 

2646.  45 

II 

14 

2507.14 

II 

7 

2648.  14 

II 

XM-U 

7'i09  08 

TT 

X  X 

0-39843 

16 

2650.  27 

II 

237-37958 

5 

2511.  82 

II 

3.5 

2653.  41 

II 

19 

2658.48 

II 

237-37841 
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26 

2660.  09 

II 

11 

2780.  87 

II 

5 

2664.  46 

II 

36 

2785.  07 

II 

237-36132 

14 

2668.  20 

II 

10 

2786. 17 

II 

X  X 

4 

2674.  98 

II 

5 

2787.  96 

II 

6 

2677.  12 

II 

3.  0 

2791. 43 

II 

5 

2678.  09 

II 

12 

2791.  62 

II 

32 

2679.  56 

II 

18 

2792. 15 

II 

237-36041 

10 

2682. 31 

III 

70 

2794. 60 

II 

10 

2684.  08 

II 

237-37483 

10  h 

2796.  09 

II 

0-35754 

3. 5  d 

2686.  20 

II 

75 

2797. 26 

II 

2686.  32 

II 

6 

2797.  98 

II 

237-35966 

3.5 

2689.  99 

II 

10 

2800.  40 

II 

3  5 

2693.  47 

II 

7 

2803  10 

II 

17 

2697.  50 

II 

4 

2806.  79 

III 

4  h 

2698.  26 

III 

18 

2807. 98 

II 

4 

2699.  47 

III 

17 

2808.  42 

II 

237-35834 

4 

2699.  82 

III 

10 

2812.  26 

II 

5 

2700.  17 

II 

4 

2813. 02 

II 

4 

270l! 95 

II 

3.0 

2813.82 

II 

8 

2707.  01 

III 

14 

2814.  42 

II 

2.  0 

2708.  19 

II 

237-37151 

14 

2814.  51 

II 

10 

2709.  72 

III 

3.  0 

2814.  74 

II 

237-35754 

11 

2711. 51 

II 

0-36869 

4 

2816.  55 

II 

4 

2717.  55 

III 

9 

2817.  31 

II 

20 

2719.  46 

III 

11 

2818. 14 

II 

55 

2721. 19 

II 

26 

2818.  47 

II 

3.  0 

2721. 90 

II 

7 

2819.  08 

II 

20 

2727.  55 

III 

2.  5 

2820.  22 

II 

15 

2729.  04 

II 

237-36869 

4 

2823.  54 

II 

3.5 

2730.  72 

II 

6 

2824.  77 

II 

7 

2731. 42 

III 

10 

2826.  43 

II 

5 

2735.  33 

II 

0-36548 

26 

2827.  02 

II 

10 

2742.  95 

II 

8 

2827. 76 

II 

20 

2744*.  08 

II 

60 

2827.  92 

II 

11 

2750.  77 

II 

5 

2830. 15 

II 

11 

2753.  18 

II 

237-36548 

20 

2831. 55 

II 

15 

2756.  69 

II 

8770-45034 

7 

2833.  82 

II 

8770-44047 

9 

2758  97 

II 

5 

2836.  17 

II 

4 

2759. 56 

II 

4 

2838.  63 

II 

7 

2766.  81 

II 

0-36132 

16 

2838.  93 

II 

5 

2767.  09 

II 

10 

2839. 10 

II 

11 

2771. 04 

II 

8957-45034 

7 

2839.  85 

II 

Q 

2773  80 

TT 

X  X 

0  —  36041 

12 

2841. 34 

II 

7 

2774.  78 

II 

4 

2842.  42 

II 

18 

2774.  98 

II 

3.0 

2842.  76 

II 

5 

2776.  69 

II 

32 

2844.  66 

II 

237-35380 

12 

2777. 04 

II 

6 

2845.  35 

II 

9 

2777.  50 

II 

10 

2848.  86 

II 

5 

2778.  40 

II 

3.  0 

2848.  98 

II 

8957-44047 

28 

211'=), 55 

II 

0-35966 

3.0 

2852.  59 

II 
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in  K 
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Characte  r 
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Energy 
Levels 
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3.  0 

2853.  25 

J  J 

237-35274 

8 

2932.  96 

I 

0-34085 

9 

2854.  02 

II 

3.0 

2933.  78 

II 

20 

2854. 16 

4 

2933.  89 

6 

2854.  89 

j{ 

3.0 

2935.  49 

\\ 

20 

2860.  12 

J  J 

65 

2935.99 

11 

5 

2860.  36 

11 

3.  0 

2936.59 

11 

7 

2860.  55 

II 

237-35185 

7 

2943.  36 

II 

20 

2861.  74 

10 

2946.  83 

10 

2863.  35 

\\ 

0-34914 

14 

2948.  00 

\l 

15 

2863. 75 

J  J 

10 

2948.  15 

11 

3.  0 

2864.  75 

J 

3.5 

2950.  08 

11 

16 

2868.  01 

II 

36 

2951. 26 

II 

160 

2869.  22 

5 

2951. 80 

\l 

8 

2873. 00 

\\ 

5 

2952.  48 

4 

2878.20 

11 

6 

2953.  58 

JI 

6 

2878.  36 

11 

5 

2955.  06 

II 

1.8 

2883. 04 

II 

3.0 

2957.  05 

II 

14 

2886.  46 

237-34871 

6 

2957.  55 

\\ 

6  h 

2887.  96 

\\ 

3.0 

2957.  67 

10 

2889.  64 

jl 

8770-43366 

18 

2959. 64 

II 

3.  0 

2889.  93 

J  J 

5 

2961.40 

II 

3.5 

2890. 74 

II 

44 

2965.  86 

II 

65 

2890.  93 

12 

2967.  75 

\\ 

5 

2893. 60 

{{ 

12 

2969.  50 

0-33666 

17 

2894.  47 

Ij 

50 

2973.  22 

I 

0-33624 

13 

2903.  08 

J  J 

16 

2973.39 

II 

3.0 

2904.  09 

II 

11 

2974.29 

II 

10 

2905. 41 

8957-43366 

3.  0 

2974.  60 

\\ 

7 

2907.  17 

15 

2978.42 

0-33565 

6 

2908.  69 

J  J 

3.5 

2979. 43 

II 

3.  0 

2910.  36 

J  J 

55 

2981.48 

II 

5 

2911. 87 

II 

7 

2983.  13 

II 

8957-42470 

13 

2913,  96 

0-34308 

7 

2985.  08 

0  —  33490 

17 

2914.  83 

^I 

0-34297 

13 

2985.  37 

II 

13 

2916.  52 

J  J 

36 

2986.52 

II 

22 

2918.  27 

J  J 

65 

2990.  54 

II 

237-33666 

7 

2920.  98 

II 

3.5 

2992. 88 

II 

6 

2921. 27 

20 

2993.  26 

11 

0  —  33399 

7 

2922. 09 

II 

12 

2993.  90 

0-33392 

7 

2922.  83 

J  J 

3.0 

2994.  33 

II 

28 

2925.  65 

J  J 

13 

2999.  60 

II 

237-33565 

7 

2925.  92 

II 

237-34404 

3.5 

3001.  16 

II 

70 

2926.  74 

3,  0 

3004.  17 

\l 

3.  0 

2927.  31 

\\ 

6 

3006.  36 

237-33490 

5 

2927.  65 

J  J 

12 

3008.  91 

II 

11 

2928.  22 

J  J 

3.0 

3009.  20 

II 

3.0 

2928.  64 

7 

3013.59 

\\ 

5 

2930.  56 

24 

3013.71 

4 

2931. 09 

44 

3014.  65 

237-33399 

7 

2932. 58 

II 

150 

3015.30 

237-33392 
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7  d 

3016.09 

II 

7 

3150.  07 

II 

8770-40506 

3016.18 

II 

180 

3151.04 

II 

"^01  A  7Q 

TT 
X  X 

xtu 

T  T 
X  X 

c.^  1  — ^XvUU 

28 

3017. 10 

II 

7 

3162.44 

II 

7 

3017.  26 

II 

7 

3164.  87 

II 

8957-40545 

3.0 

3018.  27 

II 

18 

3168. 19 

II 

10 

3018.  59 

II 

7 

3168.  82 

II 

8957-40506 

u 

u 

>  U  X  y  .  /  / 

TT 
X  X 

JL  1  c.,  DO 

u  —  ^X  DX  u 

3.5 

3022. 08 

II 

220 

3172. 83 

II 

237-31745 

34 

3026.06 

II 

36 

3173.  58 

II 

5 

3028.  73 

II 

12 

3177.  46 

II 

8770-40232 

7 

3031.  67 

II 

7 

3178.  20 

II 

7 

T  T 
X  X 

X  H 

^X  OU.  _JD 

u  —  pmjc. 

8 

3035.  98 

II 

14 

3185.  47 

II 

26 

3042.  35 

II 

237-33097 

22 

3195.33 

II 

8770-40056 

32  d 

3046.  76 

II 

237-33049 

12 

3196.  54 

II 

8957-40232 

3046.  87 

0-32811 

12 

3200.  00 

II 

X  D 

J?UHO.  OX 

TT 
X  X 

"^91  n  R7 

T  T 
X  X 

30 

3050.  73 

II 

30 

3210.  83 

II 

0-31136 

7 

3053.  71 

II 

30 

3212. 02 

II 

8770-39894 

14 

3054.  04 

II 

12 

3214.  63 

II 

8957-40056 

32 

3056.  07 

II 

7 

3216. 12 

II 

7 

T  T 
X  X 

7 

jCc.'O,  ox 

T  T 
X  X 

7 

3058.  98 

II 

7 

3228.  90 

II 

7 

3061.  14 

II 

22 

3231.  51 

II 

8957-39894 

7 

3062.  06 

II 

7 

3233.  75 

I 

0-30915 

7 

3064.  01 

II 

44 

3235.  45 

II 

237-31136 

c 
D 

^UDO.  XX 

T  T 
X  1 

Tin 

X  X  u 

J^.S>0,  OX 

T  T 
X  X 

073  /  —  jyQ'^j 

55 

3073. 08 

II 

150 

3240.  23 

II 

14 

3073.  49 

II 

220 

3241. 53 

II 

0-30841 

7 

3073. 84 

II 

12 

3245.  86 

II 

237-31037 

34 

3081.  12 

0-32446 

40 

3247.  46 

II 

8770-39554 

It 

^uo /.  ux 

T  T 
X  X 

7 

Jc-Hym  OP 

T  T 
X  X 

17 

3093.  11 

II 

7 

3251. 33 

II 

11 

3096.  96 

II 

15 

3251. 63 

II 

70 

3098.  60 

II 

237-32500 

180 

3258.  05 

II 

0-30684 

7 

3099.  60 

II 

38 

3261. 65 

II 

D 

J i. ux.  0_) 

T  T 
X  X 

J  u 

T  T 
X  X 

7 

3102.  87 

II 

150 

3266.  63 

II 

237-30841 

5 

3113.31 

II 

110 

3267.  40 

II 

8957-39554 

14 

3122. 53 

I 

75 

3268.  99 

II 

4 

3123. 29 

II 

100 

3276.  81 

II 

0-30509 

/ 

T  T 

inn 

X  X  u 

"^^R"^  zin 

T  T 
X  X 

7 

3125.  73 

II 

8 

3284.  67 

II 

14 

3126.  01 

II 

110 

3285.  61 

II 

8770-39197 

700 

3131.26 

II 

0-31927 

220 

3291. 00 

II 

0-30377 

220 

3133.  89 

II 

0-31900 

190 

3302.  45 

II 

237-30509 

22 

3144.  89 

II 

20 

3306.  01 

II 

8957-39197 

22 

3146.16 

II 

8770-40545 

20 

3306.  91 

II 

8770-39001 

7 

3149.15 

II 

0-31745 

20 

3308.  01 

II 
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and 
Character 
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Spec- 
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and 
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Ene  rgy 
Levels 
in  K 

inn 

110 

■oo  f\r\  on 

33Uy.  oU 

T  T 
11 

13 

1  A  CO     C  C 

3458.  55 

I 

60 

3310.  60 

II 

13 

3461.  16 

II 

8957-37841 

8 

3316.17 

II 

800 

3462. 20 

II 

0-28875 

38 

3316.  o8 

T  T 

II 

A  o  "7       O  no  "7*7 

237  —  30377 

2U 

*1  A  f  1  CI 

3467. 51 

I 

15 

3323. 21 

II 

32 

^Hlo,  69 

T 
I 

8 

3327.  58 

T  T 
II 

oVb  /  —  39uUi 

3<: 

3480.  98 

I 

8 

3335.  06 

II 

32 

3481. 75 

II 

8770-37483 

22 

3349.  99 

I 

0-29842 

16 

3487. 08 

II 

22 

3354.  86 

T  T 

II 

40 

1  /I  0"7  o 

34o  /.  3o 

T 
I 

n     o  o  ^  ^ 
0  —  28666 

o  o 

380 

3362.  62 

T  T 

II 

237  —  29967 

12 

3489.  52 

T 
I 

12 

3368,  33 

T  T 

II 

5 

T 
I 

12 

3368.  60 

I 

20 

3492. 58 

II 

15 

3369.  64 

II 

8 

3495.  19 

II 

8 

3372. 78 

I 

3^1 

T 
I 

n     o  oc  z.  yi 

46 

3374.  51 

T  T 

II 

8957  — 38583 

12 

3503. 36 

T 
I 

5 

3380.  04 

T  T 

II 

24 

3513. U^ 

T  T 
II 

16 

3380.  53 

I 

8 

3514.12 

I 

0-28449 

40  d 

3384.  98 

II 

8 

3514.  86 

I 

3385.  09 

I 

z:4 

'2  CI  "7  ^n 

351  /.  6U 

T 
1 

n    o  Q  /I  o  n 

16 

3393.  19 

I 

i  J 

"X  Cl  ~1  TO 

3531  /.  /^i 

T 
1 

160 

3397.  50 

T  T 

II 

n    OQ  /I  o  c 

lb 

■2  CO O    /I  "2 

T  T 
1  I 

Q77n    171  c;i 

6 

3397.  87 

I 

8 

3525.  03 

I 

16 

3398.  02 

II 

6 

3525. 28 

I 

40 

3399.  95 

T  T 

II 

8957  — 3o3Di 

•2  CI  /I  QC 

T  T 
1  1 

80 

3410.  05 

I 

n       n  o  1  "7 

0  —  29317 

ioU 

1  C2  C  CO 

3535. 5^ 

T  T 
1  1 

5 

3411. 57 

T  T 

II 

/I  ^ 

HO 

^3^D.  iil 

T  T 
1  1 

32 

3412.  59 

I 

0-29295 

80 

3536.  58 

II 

0-28268 

32 

3416.59 

I 

0-29260 

40 

3537.  91 

I 

16 

3421. 80 

I 

c 
D 

'2 c /I o  no 
334^. Do 

T 
1 

6 

3424.  50 

T 

I 

13 

•2  C  /I  Q     /I  Q 

^d4o.  4o 

T  T 
1  1 

600 

o  /I  o  n  AO 

3425.  08 

T  T 

II 

oo"?  on/IOC 

237  —  294*15 

Q 
O 

^DDU.  lb 

T  T 
11 

90 

3425.  63 

II 

0-29183 

8 

3550.  83 

II 

16 

3428.  62 

II 

8 

3551. 68 

I 

32 

3429.  33 

I 

0  —  2915^ 

on 

•2  C  C  C  QO 

JDDD,  OC 

T 
I 

80 

3429.  97 

II 

o 
o 

'2  C  C  CO 

3556.  5o 

T 
I 

40 

o  ii  o  n      A  A 

3431. 20 

T  T 

II 

ooc"7  lonn/i 

8957  —  38094 

Q 
O 

•2  C  C  "7  "2/1 
33t>  /.  ^4 

T 
1 

5 

3434.  91 

II 

40 

3557.  80 

II 

8770-36869 

18 

3435.  35 

I 

32 

3560.  92 

I 

8 

3437.  64 

II 

40 

1C  LI     O  O 

3563.  oo 

T 
1 

n    o  on  ci 
U  —  iioUDl 

13 

3438.  81 

II 

8770  —  37841 

4d 

JDOO,  7l 

T  T 
1  1 

460 

3441. 50 

T  T 

II 

237  —  29200 

■2  C  Ai.     /I  7 

T  T 
1  1 

0'X7  OQOAQ 

16 

3443.  OU 

T 
I 

zin 

T 
X 

ri  — 9fin9/i 

8 

3444.  16 

I 

1  o 
i^: 

■211^,0  on 

^Db7.  oU 

T 
1 

8 

3446.  55 

I 

o  / 

26 

1  C~7  A     n  ^ 

3574,  06 

II 

16  d 

^   A  A  ^       A  / 

3447.  26 

II 

OOC"7  '3"7riCO 

8957  — 3795o 

Q 
O 

'2C7C  OQ 
J3  /D.  ^7 

T 
1 

3447.  35 

I 

Q 
O 

T 
1 

16 

3449.  76 

II 

26 

3586.  07 

I 

8  h 

3453. 02 

I 

12 

3590.  73 

I 

460 

3453.  67 

II 

237-29183 

16 

3598.  62 

I 

5 

3456.36 

I 

8 

3599.16 

II 
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12 

3607 

TT 

J.  X 

A 

3R02  07 

T 
X 

200 

3608.  77 

II 

0-27702 

50 

3807.  72 

I 

0-26255 

24 

3609.  54 

II 

32 

3810.  72 

II 

8770-35004 

U 

3611  61 

TT 

X  X 

46 

381  7  40 

TT 

X  X 

a 

TT 

X  X 

c; 

3821  62 

T 

X 

»^  7 

TT 

X  X 

24 

3R26  3R 

T 
X 

0  —  261  27 

15 

3619.  97 

II 

110 

3838.  20 

II 

8957-35004 

2.5 

3623. 42 

II 

8957-36548 

24 

3840.  87 

I 

7 

3624  20 

T 

X 

0_27'5R4 

750 

3848  02 

TT 

X  X 

0  —  25980 

363R  41 

T 

X 

1; 

3853  1 0 

TT 

X  X 

3639  R9 

TT 

X  X 

237  —  27702 

10 

3857  84 

TT 

X  X 

R957  — 34R71 

7 

3642. 94 

I 

500 

3883.13 

I 

0-25745 

80 

3643.  66 

II 

130 

3883.44 

II 

237-25980 

T 

X 

U       £.  1  tX  T 

4fl0 

"  u  u 

3RR7 

T 
X 

0  —  2^71  7 

1  ? 

TT 
X  X 

32 

3R9n  "13 

TT 
X  X 

0  —  2'iAqA 

c  u 

TT 
X  X 

32 

3R96  62 

T 

X 

0  —  25656 

50 

3653.  61 

II 

8770-36132 

50 

3900.  79 

II 

8770-34398 

7 

3660.  88 

II 

260 

3916.48 

I 

8771-34297 

^OD-J.  OX 

TT 
X  X 

8770  — '^6041 

g 

3928  66 

T  T 

X  X 

Qgt;7  _'2  4404 

y  U 

-iA^,Q  HQ 
OOO.  U  7 

TT 
X  X 

u     ^  / 

42 

3929  ^R 

TT 
X  X 

Qgt;7  _343go 

1  n 

'^67'^  1  4 

T  T 
X  X 

no 

X  X  u 

3949  28 

T 

X 

8771  —34085 

34 

3677.  98 

II 

4 

3957.  42 

II 

38  d 

3678.  86 

II 

8957-36132 

110 

3958.10 

II 

0-25258 

"^678  95 

TT 
X  X 

7 

3976  68 

T 

X 

XL. 

3^iP3  on 

TT 

X  X 

32 

3ggc  eg 

TT 

X  X 

237  —  25258 

3AQ4  73 

TT 

X  J. 

130 

3996  52 

TT 

X  X 

3694.  82 

II 

16 

4024.  23 

I 

7 

3697.  57 

II 

6 

4034.  76 

II 

•2^QQ  07 

TT 

X  X 

28 

4044  47 

T 

X 

0—24718 

Ann 

TT 
X  X 

2'?7  — 27254 

A 

4055  80 

1 

X 

^  /  U  X  •  ^  u 

T  T 

X  X 

n  —  27009 

A 

4090  30 

IT 

X  X 

8957-33399 

28 

3704. 85 

II 

8770-35754 

6 

4091.49 

II 

8957-33392 

650 

3717.92 

I 

0-26889 

750 

4094.19 

I 

0-24418 

D 

■^71  9  71 

J  1  X/t  /X 

TT 
X  X 

QQc;7  — 31:0-24 

700 

4105  84 

1 

X 

0-24349 

/  D 

TT 
X  X 

4107  93 

1 

X 

X  U 

'^7'^n  Rl 
J  1  J  u.  ox 

T  T 
X  X 

QQt;7_3i;7c:4 

g 

4132  69 

"X  ^  ^  •   U  / 

TT 

X  X 

200 

3734.  12 

II 

237-27009 

80 

4138.34 

I 

0-24157 

420 

3744.  07 

I 

0-26701 

9 

4149.14 

I 

X  HU 

"^7^1  Rl 
^ / ^x.  ox 

T 
X 

n  —  26646 

4 

4150  11 

^  J  J  ^  9  XX 

1 

X 

J  1  DO,  00 

TT 
X  X 

Q77n  —  3^3ftn 

Q 
/ 

41 ^8  AO 

*tX  _J 0«  vJ U 

T 

X 

R771  —32811 

0/  /X  ^^UXX 

-)  /  OX.  J  J 

T  T 

X  X 

r; 
_^ 

•tx  J  /«  -J  J 

TT 
X  X 

400 

3761. 91 

II 

0-26575 

5 

4170.  45 

I 

6 

3765.  85 

II 

650 

4187.  62 

I 

0-23873 

7 

J  1  ox. X J 

T 

X 

3fl 

41  gg  g2 

TT 

X  X 

0  —  23803 

£.£. 

^ / oj. DO 

T  T 
X  X 

RQ^7  —  "^cr-ion 

44(1 

4203  73 

T 

X 

0  —  23782 

A 

J  1 0 1 ,  ux 

T 

X 

1  6 

X  vJ 

4206  no 

T 

X 

32 

3795.  17 

II 

237-26579 

4 

4212.  79 

II 

8770-32500 

600 

U  U  U 

3795.  76 

II 

237-26575 

28 

4222. 67 

I 

8771-32446 

65 

3798!  54 

I 

7 

4236.  94 

II 

20 

3798.  75 

II 

8957-35274 

220 

4242.15 

II 

237-23803 

386 


Thulium 


—  All  Observed  Lines 
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in  A 
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Thulium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
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in  K 
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and 
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Thulium  —  All  Observed  Lines 
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TIN 

Sn,  Z=50,  Af=118.70,  Ratio  ^=1.868 

Cu 

Sn  I  Normal  state  of  valence  electrons  5s^  ^Pq  =0.  I.P.=  59232  K 
Sn  11  Normal  state  of  valence  electrons  5s^  5p^  ^Fiy^=0.    I.P.  =  118017  K 

References 

Wavelengths  and  Classification: 

Sn  I,  W.  F.  Meggers,  J.  Research  NBS  34,  153  (1940). 

Relative  intensity  of  tin  lines  observed  in  an  arc  of  copper  containing  0.1  atomic  percent 

of  tin 


Strong  lines  of  tin 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

1400 

2839.  99 

3428-38629 

5s25p2  'P2  — 5s25p'6s'  ^Fl 

1000 

2863.  33 

0-34914 

5s25p2  ^Po  — 5s25pi6si  sp; 

850 

3034.  12 

1 692-34641 

5s25p2  3p,  _5s25pi6si  3P5 

700 

2706.  51 

1692-38629 

5s25p2  sPi  — 5s25p>6s>  spi 

700 

3009.  14 

1692-34914 

5s25p2  'Pi  — 5s25pi6si  =Pf 

Tin  —  All  Observed  Lines 
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3428-44145 
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TITANIUM 


Ti,  Z=22,  M=47.90,  Ratio  ^=0.754 


Til  Normal  state  of  valence  electrons  3d^4s^W2  =0.  I.P.=  55138  K 
Ti  II  Normal  state  of  valence  electrons  Sc^Ms' *Fi}.,=0.    I.P.  =  109506  K 
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Relative  intensity  of  titanium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  titanium 


Strong  lines  of  titanium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
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Term  combination 
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3d2  4s2  a  3Fi  — Sd^  4si  4pi 

y 

'F| 

/      3361.  21 

II 

225-29968 

3d2  4si  a  ^FjH— 3d2  4p> 

z 

600 

1      3361.  26 

I 

170-29912 

3d2  4s2  a  ^Fs  — 3d2  4s>  4p 

w 

'D5 

600 

3653.  50 

I 

387-27750 

3d2  4s2  a  3F4  S(P  4p' 

y 

'GS 

550 

3234.  52 

II 

393-31301 

3d2  4si  0  4F4H— 4p' 

z 

'n^ 

550 

3642.  68 

I 

170-27615 

3d2  4s2  a  3F3  —3^3  4p' 

y 

'Gi 

550 

4981.  73 

I 

6843-26911 

3d3  4si  a  5F5  — 3cP  4pi 

y 

5G| 

500 

4305.  92 

I 

6843-30060 

3d3  4si  a  5F5  — 3(i3  4pi 

X 

=D| 

500 

4533.  24 

I 

6843-28896 

3^3  4si  a  5F5  — 3d3  4pi 

y 

0-29915 

3d2  4s2  a  3F2  — 3d2  4si  4p' 

X 

'Gl 

480 

3341.  88 

{■ 

II 

4629-34543 

3d2  4s'  a  2F2H— 3d2  4p' 

z 

2G3H 

480 

3372.  80 

II 

94-29734 

3d2  4si  a  ^FjK— 3d2  4pi 

2 

^GsH 

480 

3383.  76 

II 

0-29544 

3^2  4si  a  ^FiK— 3d2  4pi 

z 

^G^H 

480 

3989.  76 

I 

170-25227 

3d2  4s2  a  3F3  — 3d2  4s»  '^p\y 

'F5 

440 

3236.  57 

II 

225-31114 

3d2  4s'  a  ^FjK— 3d2  4p' 

z 

440 

3752.  86 

I 

387-27026 

3d2  4s2  a       — 3d3  4p' 

X 

3F| 

440 

3958.  21 

I 

387-25644 

3d2  4s2  a  'F4  — 3d2  4s'  4p' 

y 

'D| 

440 

4991.  07 

I 

6743-26773 

3d'  4s'  a  5F4  —S(P  4pi 

y 

=G| 

400 

3635.  46 

I 

0-27499 

3d2  4s2  a  3F2  —3d'  4p' 

y 

'GS 

400 

3981.  76 

I 

0-25107 

3d2  4s2  0  'Fa  — 3d2  4s'  4p' 

y 

'F5 

380 

3948.  67 

I 

0-25318 

3d2  4s2  a  'F2  — 3d2  4s'  4pi 

y 

'D! 

380 

3956.  34 

I 

170-25439 

3d2  4s2  a  'F3  — 3d2  4s'  4p'  y 

'D2 

380 

4999.  51 

I 

6661-26657 

3d'  4si  a  5F3  —3d'  4p' 

y 

5G| 

360 

3349.  04 

II 

4898-34748 

3d2  4s'  a  2F3>4— 3d2  4p' 

z 

360 

3371.  45 

I 

387-30039 

3d2  4s2  a  'F4  — 3d2  4s'  4p' 

X 

'G| 
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Titanium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

1 

Energy  1 
Levels 
in  K 

2.  0 

2272.  61 

J 

387-44376 

8 

2661. 97 

J 

0-37555 

2.5 

2273.  28 

I 

0-43976 

9 

2669. 60 

I 

170-37618 

2.  0 

2276.  70 

J 

170-44079 

12 

2679.  93 

387-37690 

3.  0 

2279.  96 

387-44233 

2.  5 

2684.  80 

J 

3.  0 

2299.  85 

J 

0-43468 

3.  0 

2685. 14 

J 

387-37618 

^   3.  0 

2302.  73 

J 

170  43583 

6 

2688. 82 

T 

^  4 

2305. 67 

I 

387-43745 

2.5 

2716.25 

II 

8744-45549 

3.  0 

2380.  81 

387-42377 

8 

2725.  07 

8492-45178 

1  6 

2384.  52 

J 

387-42311 

7 

2727. 42 

8437-45091 

4 

2418.  36 

J 

0-41337 

2.  0 

2731. 13 

T 

8602-45206 

6 

2421. 30 

J 

170-41458 

4 

2731. 58 

T 

8492-45091 

8 

2424.  24 

I 

387-41624 

16 

2733. 26 

I 

8602-45178 

3.  0 

2428.  23 

0-41170 

5 

2735.  29 

8492-45041 

3.  0 

2433.  22 

{ 

170-41255 

4 

2735. 61 

\ 

7255-43800 

1.  6 

2434. 10 

J 

387-41458 

8 

2739.  81 

J 

8602-45091 

3.  0 

2440.  21 

II 

12629-53597 

24 

2742.  32 

J 

7255-43710 

6 

2440.  98 

387-41342 

4 

2749.  06 

I 

8492-44858 

2.  5 

2450.  44 

II 

12758-53555 

6 

2757.  40 

8602-44858 

2.  5 

2504.  54 

9 

2758.  08 

12118-48365 

8 

2517.  43 

II 

1087-40798 

1.  4 

2761. 29 

II 

8710-44915 

4 

2519. 04 

J 

0-39686 

24 

2802.  50 

J 

7255-42928 

15 

2520. 54 

I 

0-39662 

5 

2805.  70 

I 

8602-44233 

8 

2524.  64 

II 

984-40582 

3.  0 

2806.  50 

II 

9851-45473 

38 

2525. 60 

II 

1216-40798 

4 

2809.  17 

8492-44079 

3  0 

2527.  98 

170-39716 

7 

2810.  30 

II 

29734-65307 

22 

2529.  85 

T 

170-39686 

3.  0 

2812.  98 

J 

8437-43976 

20 

2531. 25 

II 

1087-40582 

3.  0 

2817.  40 

J 

8492-43976 

20 

2534. 62 

II 

984-40426 

6 

2817.  84 

J 

8602-44079 

14 

2535.  87 

II 

908-40330 

2817.  87 

J  J 

29968-65446 

20 

2541. 92 

387-39716 

6 

2828.  07 

J 

6557-41907 

2828.  15 

J  J 

30241-65589 

7 

2555.  99 

II 

4629-43741 

12 

2571.*  03 

II 

4898-43781 

12 

2832.  16 

II 

4629-39927 

5 

2572. 65 

II 

18 

2841. 94 

4898-40075 

5 

2580  82 

10 

2851.  10 

9851-44915 

3  5 

2590.  26 

T 

170-38765 

4 

2853. 93 

T  J 

4898-39927 

20 

2593.  64 

T 

0-38544 

9 

2862. 32 

J  J 

9976-44902 

7 

2596*.  58 

I 

170-38671 

5 

2868.  74 

II 

4629-39477 

28 

2599.  92 

0-38451 

17 

2877.  44 

8998-43741 

36 

2605.  15 

170-38544 

26 

2884.  11 

9118-43781 

48 

2611.  28 

T 

387-38671 

6 

2888.  93 

J  J 

4629-39233 

7 

2611.  48 

T 

170-38451 

5 

2891. 07 

J  J 

4898-39477 

28 

2619*.  94 

I 

387-38544 

5 

2905.  66 

I 

16 

2631. 54 

170-38160 

3.  0 

2909. 92 

393-34749 

16 

2632. 42 

0-37977 

42 

2912.  08 

7255-41585 

60 

2641. 10 

T 

0-37852 

32 

2928.  34 

J 

12118-46258 

75 

2644.  26 

J 

170-37977 

17 

2933. 55 

J 

0-34079 

90 

2646.  64 

387-38160 

14 

2937.  32 

\ 

170-34205 

3  0 

2649.  30 

J 

100 

2942.  00 

0-33981 

1.4 

2654.'  93 

0-37655 

120 

2948.  26 

170-34079 

3.5 

2657.19 

0-37623 

3.0 

2954.  58 
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Titanium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trxim 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

150 

2956.  13 

I 

387-34205 

130 

3168.  52 

II 

1216-32767 

16 

2956.  80 

I 

170-33981 

200 

3186.  45 

I 

0-31374 

2.  5 

2959.  71 

T 

I 

8492  —  42270 

85 

O  T  O  O      O  ~7 

3190.  87 

T  T 

II 

8744  —  40075 

3.  5 

2959.  99 

I 

8602-42377 

260 

3191. 99 

I 

170-31489 

16 

2965.  71 

I 

8602-42311 

4 

3197.  52 

II 

225-31491 

18 

2967.  22 

I 

387-34079 

320 

3199. 92 

I 

387-31629 

2.5 

2968.  23 

I 

0-33680 

65 

3202. 54 

II 

8710-39927 

7 

2970.  38 

I 

0  —  33656 

4 

O  O  O  O       A  A 

3203.  44 

T  T 

II 

O         O  T  O  O  ~7 

0-31207 

3.  0 

2974.  93 

I 

8602-42207 

20 

3203. 83 

I 

170-31374 

16 

2983.  31 

I 

170-33680 

4 

3204.  87 

I 

8492-39686 

3.  0 

3000.  87 

I 

387-33701 

9 

3213. 14 

II 

94-31207 

10 

3017.  19 

II 

12775-45909 

22 

3214.  24 

I 

387-31489 

12 

3029.  73 

T  T 
II 

Icb  /  /  —45674 

16 

3214.  75 

II 

393  —  31491 

9 

3046.  68 

II 

9396-42209 

90 

3217.  06 

II 

225-31301 

11 

3056.  74 

II 

9364-42069 

9 

3217.  94 

I 

15877-46944 

11 

3057.  40 

II 

0-32698 

22 

3218.  27 

II 

12677-43741 

14 

3058.  09 

II 

9518-42209 

9 

3219.21 

I 

15976-47030 

7 

3059. 74 

II 

9396  —  42069 

9 

3221.  38 

I 

16106  —  47140 

110  d 

3066.  22 

II 

94-32698 

110 

3222.  84 

II 

94-31114 

3066.  35 

II 

0-32603 

18 

3223.  52 

I 

16268-47281 

6 

3071.  24 

II 

9518-42069 

20 

3224.  24 

II 

12775-43781 

50 

3072.  11 

II 

225-32767 

12 

3226.  13 

I 

16459-47447 

95 

3072.  97 

T  T 

II 

0  —  32532 

A  A 

44 

o  ^  o  n    /  n 

3228.  60 

T  T 

II 

mTn  oo/~7r~ 

8710  —  39675 

130 

3075.  22 

II 

94-32603 

65 

3229.19 

II 

0-30959 

190 

3078.  64 

II 

225-32698 

44 

3229. 42 

II 

9118-40075 

300 

3088.  02 

II 

393-32767 

9 

3231.32 

II 

1087-32026 

15 

3089. 40 

II 

15266-47625 

20 

3232.  28 

II 

8998-39927 

15 

3097.  19 

T  T 

II 

/-\  O  O  T          /I  O  O  A  O 

9931  —  42209 

550 

o  o  o  yi    i~  o 

3234.  52 

T  T 

II 

ooo  otoot 

393-31301 

15 

3100.  67 

I 

8602-40844 

18 

3236.  12 

II 

8710-39603 

19 

3103.  80 

II 

15258-47467 

440 

3236.  57 

II 

225-31114 

19 

3105.  08 

II 

9873-42069 

340 

3239.  04 

II 

94-30959 

22 

3106.  23 

II 

10025-42209 

18 

3239.  66 

II 

8744-39603 

6 

3106.  81 

I 

8492—40671 

220 

o  o  yi  T  no 

3241. 99 

T  T 

II 

o      o  o  n  o  "7 

0  —  30837 

4 

3110.  67 

II 

9931-42069 

100 

3248.  60 

II 

10025-40798 

4 

3112.  48 

I 

8437-40556 

80 

3251. 91 

II 

94-30837 

12 

3117.  67 

II 

9931-41997 

100 

3252. 91 

II 

225-30959 

60 

3119.  72 

I 

12118-44163 

100 

3254.  25 

II 

393-31114 

OTTO  no 

3119.  80 

II 

10025  —  42069 

TOO 

100 

3261.  60 

T  T 

II 

15258  —  45909 

16 

3123,  07 

I 

7255-39266 

26 

3271. 65 

II 

10025-40582 

20 

3130.  80 

II 

94-32026 

26 

3272. 08 

II 

9873-40426 

12 

3141. 54 

I 

7255-39078 

17 

3278.  29 

II 

9931-40426 

8 

3141.  67 

I 

17215-49036 

22 

3278.  92 

II 

8744-39233 

18 

O  T    /I  O       T  / 

3143.  76 

T  T 

II 

225  —  32026 

18 

32oZ. 33 

II 

9873  —  40330 

20 

3148.  04 

II 

0-31757 

44 

3287.  66 

II 

15266-45674 

20 

3152. 25 

II 

984-32698 

24 

3292. 08 

I 

7255-37623 

20 

3154.  20 

II 

908-32603 

14 

3299.  41 

I 

7255-37555 

20 

3155.  67 

II 

1087-32767 

14 

3306.  88 

I 

17215-47447 

42 

3161.  20 

II 

908-32532 

18 

3308.  39 

I 

8437-38654 

65 

3161.  77 

II 

984-32603 

18 

3308.  81 

II 

1087-31301 

85 

3162. 57 

II 

1087-32698 

22 

3309. 50 

I 

8492-38700 
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Titanium  —  All  Observed  Lines 


and 

VV  CL  V  C  ~ 

length 

in  A 

Spec- 
trum 

jtidic  r  gy 
Levels 
in  K 

Intens  ity 
and 

W  ave- 
length 
in  r\ 

Spec- 
trum 

Energy 
Levels 
m  Jts. 

5 

3309.  73 

I 

17075-47281 

75 

3444. 31 

II 

1216-30241 

9 

3312. 69 

I 

16961-47140 

5 

3452. 47 

II 

16516-45473 

70 

3314.  42 

I 

8602-38765 

15 

3456.  39 

II 

16625-45549 

3314.  52 

I 

8492-38654 

50 

3461.50 

II 

1087-29968 

24 

3315.  32 

II 

9873-40027 

8 

3467.  26 

I 

8492-37325 

28 

3318.  02 

II 

984-31114 

50 

3477.  18 

II 

984-29734 

-^-46 

3321. 70 

II 

9931-40027 

5 

3478.  92 

I 

8437-37173 

240 

3322. 94 

II 

1216-31301 

20 

3480.  53 

I 

8602-37325 

32 

3326.  76 

II 

908-30959 

5 

3485.  69 

I 

8492-37173 

180 

3329.  46 

II 

1087-31114 

5 

3489.  74 

II 

1087-29734 

46 

3332.  11 

II 

10025-40027 

40 

3491.  05 

II 

908-29544 

150 

3335.  20 

II 

984-30959 

5 

3495.  75 

I 

8492-37091 

95 

3340.  34 

II 

908-30837 

8 

3499. 10 

I 

8602-37173 

480 

3341.  88 

I 

0-29915 

75 

3504. 89 

II 

15258-43781 

II 

4629-34543 

10 

3506.  64 

I 

387-28896 

10 

3342. 15 

I 

0-29912 

50 

3510.  84 

II 

15266-43741 

22 

3343. 77 

II 

1216-31114 

5 

3520.  25 

II 

16516-44915 

28 

3346.  73 

II 

1087-30959 

26 

3535.  41 

II 

16625-44902 

360 

3349.  04 

II 

4898-34748 

16 

3547. 03 

I 

12118-40303 

1000 

3349.  41 

II 

393-30241 

10 

3573. 74 

II 

4629-32603 

10 

3352. 94 

I 

170-29986 

5 

3574.  24 

I 

18288-46258 

340 

3354.  64 

I 

170-29971 

5 

3587. 13 

II 

4898-32767 

24 

3358.  28 

I 

0-29769 

20 

3596.  05 

II 

4898-32698 

24 

3360.  99 

I 

170-29915 

16 

3598. 72 

I 

7255-35035 

600 

3361.  21 

II 

225-29968 

50 

3610. 16 

I 

7255-34947 

3361.  26 

I 

170-29912 

16 

3624.  82 

II 

9851-37431 

10 

3361.  84 

I 

170-29907 

8 

3635.  20 

I 

387-27888 

95 

3370.  44 

I 

0-29661 

400 

3635. 46 

I 

0-27499 

360 

3371.  45 

I 

387-30039 

10 

3637.  97 

I 

0-27480 

12 

3372. 21 

II 

4898-34543 

16 

3641. 33 

II 

9976-37431 

480 

3372.  80 

II 

94-29734 

550 

3642.  68 

I 

170-27615 

5 

3374.  35 

II 

9976-39603 

15 

3646.  20 

I 

0-27418 

240  d 

3377.  48 

I 

387-29986 

600 

3653. 50 

I 

387-27750 

3377.  58 

I 

170-29769 

24 

3654.  59 

I 

0-27355 

24 

3379.  22 

I 

387-29971 

55 

3658. 10 

I 

170-27499 

120 

3380.  28 

II 

393-29968 

10 

3659.  76 

II 

12758-40075 

14 

3382.  31 

I 

8602-38160 

32 

3660.  63 

I 

170-27480 

480 

3383.  76 

II 

0-29544 

16 

3662.  24 

II 

12629-39927 

14 

3385.  66 

I 

387-29915 

32 

3668.97 

I 

170-27418 

120 

3385.  95 

I 

387-29912 

50 

3671.  67 

I 

387-27615 

120 

3387.  84 

II 

225-29734 

260 

3685.  20 

II 

4898-32026 

5 

3388.  76 

II 

9976-39477 

10 

3685.  96 

I 

11532-38654 

12 

3390  68 

I 

8492-37977 

8 

3687.  35 

I 

387-27499 

12 

3392.  71 

I 

12118-41585 

50 

3689. 91 

I 

387-27480 

95 

3394.  58 

II 

94-29544 

12 

3694. 45 

I 

11640-38700 

5 

3398.  63 

I 

8437-37852 

2.  5 

3698.  18 

I 

18145-48178 

5 

3402. 42 

II 

9851-39233 

5 

3698.  43 

I 

11640-38671 

5 

3407.  20 

II 

393-29734 

5 

3700.  08 

I 

8 

3409.  81 

II 

225-29544 

10 

3702.  29 

I 

8437  —  35439 

5 

3439.  30 

I 

11777-40844 

16 

3704.30 

I 

11777-38765 
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Titanium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
t  rum 

Energy 
Levels 
m  K 

12 

3706.  23 

II 

12629-39603 

15 

3900. 96 

I 

170-25798 

4 

3707.  53 

I 

16268-43232 

220 

3904.  78 

I 

7255-32858 

24 

37U9. 96 

8492  —  35439 

9 

n 

3911.  19 

16459  —  42019 

2.5 

3715.  40 

\ 

42 

3913.  46 

II 

8998-34543 

38 

3717.  40 

I 

0-26893 

42 

3914.  34 

I 

387-25927 

12 

3721.  64 

II 

4629-31491 

2.  0 

3914.  74 

0-25537 

28 

3722. 57 

170-27026 

3.0 

3919. 82 

I 

12118-37623 

50 

O  "7  O  /I      C  "7 

3724.  57 

IZllo  — 3o96U 

24 

3921. 42 

r\      o  r~  /I  n  /I 

0  —  25494 

32 

3725.  16 

{ 

8602-35439 

90 

3924.  53 

{ 

170-25644 

240 

3729.  82 

I 

0-26803 

9 

3926.  32 

20796-46258 

4 

3735. 67 

I 

75 

3929.  88 

I 

0-25439 

5 

3738.  90 

I 

15157-41895 

3.  0 

3932.  02 

II 

9118-34543 

280 

O  "7  /I  T        f\  f 

3741.  06 

170  —26893 

6 

3934.  24 

387  —  25798 

28 

3741. 64 

II 

12758-39477 

90 

3947.  78 

{ 

170-25494 

13 

3748.  10 

I 

15108-41781 

380 

3948.  67 

I 

0-25318 

440 

3752. 86 

I 

387-27026 

380 

3956.  34 

I 

170-25439 

50 

3753.  64 

170-26803 

440 

3958.  21 

I 

387-25644 

12 

3757.  69 

T  T 

II 

12629  —  39233 

80 

3962.  85 

0  —  25227 

280 

3759. 30 

II 

4898-31491 

80 

3964.  27 

170-25388 

240 

3761. 32 

II 

4629-31207 

400 

3981. 76 

I 

0-25107 

4 

3761. 89 

II 

20892-47467 

48 

3982.  48 

I 

0-25103 

5 

3766.  45 

I 

8492-35035 

5 

3984.  33 

I 

16961-42053 

50 

JO  /  —  26893 

3.  0 

3985.  25 

{ 

2.5 

3776.  06 

II 

12758-39233 

5 

3985. 59 

70 

3786.  04 

J 

7255-33661 

480 

3989. 76 

I 

170-25227 

10 

3789. 30 

I 

11777-38160 

3.0 

3994. 70 

I 

16875-41901 

6 

3795. 90 

I 

11640-37977 

650 

3998.  64 

I 

387-25388 

5 

3798.  31 

I 

11532  —  37852 

6 

3999. 36 

\ 

16961  —  41959 

6 

3818.  22 

18193-44376 

6 

4002.  49 

17075-42053 

5 

3822.  03 

I 

17075-43232 

6 

4003.  81 

I 

17215-42185 

20 

3828.  19 

I 

17215-43330 

3.  0 

4005.  97 

I 

16961-41917 

8 

3833.  68 

I 

6 

4008.  06 

I 

17075-42018 

8 

3836.  7o 

{ 

on 
oU 

400o. 93 

{ 

170—25107 

5 

3846.  45 

16 

4009. 66 

170-25103 

11 

3853.  05 

I 

15877-41823 

6 

4012. 39 

II 

4629-29544 

11 

3853.  73 

I 

15976-41917 

15 

4013.  58 

I 

17215-42124 

14 

3858.  14 

I 

16106-42018 

6 

4015. 38 

I 

16817-41714 

20 

3866.  44 

16268  —  42124 

3.  0 

4016.  28 

17215  —  42107 

14 

3868.  40 

{ 

15976-41819 

10 

h 

4017.  77 

{ 

16875-41757 

10 

3873. 21 

J 

16106-41917 

12 

4021.  83 

I 

16961-41819 

22 

3875.  26 

I 

0-2S798 

100 

4024.  57 

I 

387-25227 

I 

16106-41903 

3.  5 

4025.  14 

II 

4898-29734 

^  /I 

14 

3882. 15 

16268  —  42019 

16 

n 

4026. 54 

17075  —  41903 

14 

3882. 33 

J 

16268-42018 

3.  5 

4027.  48 

\ 

42 

3882.  89 

I 

16459-42206 

3.  5 

4028.  34 

II 

15258-40075 

5  h 

3888.  02 

I 

16106-41819 

16 

h 

4030. 51 

I 

17215-42019 

6 

3889.  95 

0-25700 

3.5 

4033. 91 

{ 

17424-42207 

17  h 

3895.  25 

{ 

16459-42124 

2.  5 

4034.  91 

17370-42146 

7 

3898.  49 

0-25644 

9 

4035.  83 

17540-42311 

44 

3900. 54 

II 

9118-34748 

3.  0 

h 

4040. 32 

17075-41819 
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Levels 
in  K 

24 

4055.  02 

I 

8437-33091 

9 

4281.  38 

I 

6557-29907 

7 

4057.  62 

J 

18594-43232 

18 

4282. 71 

15108-38451 

7 

4058.  14 

18695-43330 

13 

X  — / 

4284.  99 

14028  —  37359 

34 

4060.  26 

I 

8492-33114 

75 

4286*.  01 

I 

6661-29986 

17 

4064.  22 

I 

8492-33091 

70 

4287.  40 

I 

6743-30060 

17 

4065. 10 

I 

8492-33085 

2.  5 

4288.  16 

I 

6599-29912 

70 

4078.  47 

8602-33114 

8492-31806 

3  5 

4079.  72 

\ 

17424-41929 

80 

4289.  07 

J 

6599  —  29907 

24 

4082. 46 

I 

8602-33091 

10 

429o!23 

II 

9396-32698 

7 

4099.  17 

I 

17540-41929 

70 

4290. 94 

I 

6557-29855 

18 

4112.  71 

I 

387-24695 

10 

4291.  14 

I 

7 

4122.  17 

\ 

21470-45722 

12 

4294. 12 

II 

8744-32026 

3  5 

4123.  31 

22405-46650 

70 

4295.  76 

6557  —  29829 

7 

4123!  57 

I 

21588-48832 

170 

4298!  66 

I 

6599-29855 

11 

4127.  54 

I 

21740-45960 

17 

4299.  23 

I 

14106-37359 

3.5 

4129. 17 

I 

17 

4299. 64 

I 

6661-29912 

3.  5 

4131. 25 

\ 

18525-42724 

17 

4300.  05 

II 

9518-32767 

12 

4137  29 

18695-42859 

240 

4300  56 

6661-29907 

7 

4143. 05 

I 

18594-42724 

340 

4301.  09 

I 

6743-29986 

14 

4150.  96 

I 

17540-41624 

7 

4301.  93 

II 

9364-32603 

7 

4159.  64 

I 

17424-41458 

500 

4305.  92 

I 

6843-30060 

6 

4163.  65 

II 

20892-44902 

15 

4307.  90 

II 

9396-32603 

3  0 

4164  14 

15108-39116 

3  0 

4308  50 

8602-31806 

3.5 

4166.  32 

I 

15157-39152 

3.5 

4311.  65 

I 

17370-40556 

7 

4169. 35 

I 

15220-39198 

7 

4312.  87 

II 

9518-32698 

10 

4171.  03 

I 

17370-41337 

7 

4314.  35 

I 

6743-29915 

3.5 

4171.90 

II 

20952-44915 

100 

4314.  80 

J 

6743-29912 

3  0 

4183  30 

18062-41959 

30 

4186.  12 

I 

12118-36000 

30 

4318.  64 

I 

18193-41342 

3.  5 

4188.  69 

I 

18062-41929 

15 

4321.  66 

I 

18037-41170 

6 

4200.  75 

I 

18145-41944 

16 

4325.  13 

I 

18141-41255 

7 

4203.  46 

18145-41929 

13 

4326.  36 

J 

6661-29769 

3  0 

4211  73 

J 

20063-43800 

2  5 

4334.  84 

6599-29661 

3.  5 

4224.  79 

I 

22405-46068 

13 

4337.  92 

II 

8710-31756 

3.  5 

4227.  65 

I 

20063-43710 

2.  0 

4344. 29 

II 

8744-31756 

11 

4237.  89 

I 

20210-43800 

6 

4346.  11 

I 

18037-41040 

7 

4249.  12 

18525-42053 

3.  0 

4354.  06 

17424-40385 

1 1 

J.  X 

4256  04 

J 

18695-42185 

8 

4360.  49 

17540-40467 

6 

4258.  54 

I 

18483-41959 

2.0 

4368.  94 

I 

18288-41170 

6 

4261.  60 

I 

18594-42053 

8 

4369.  68 

I 

20796-43674 

28 

4263.13 

I 

15220-38671 

5 

4372.  38 

I 

20063-42928 

3.0 

4265.  71 

15108-38544 

2.  5 

4388.  08 

J 

18062-40844 

3  5 

4266  22 

J 

18525  —  41959 

14 

4393.  92 

18288-41040 

6 

4270.  14 

I 

18695-42107 

28 

4395.  04 

II 

8744-31491 

7 

4272.43 

I 

6661-30060 

5 

4399.  77 

II 

9976-32698 

20 

4274.  58 

I 

6599-29986 

20 

4404.  28 

I 

18145-40844 

15157-38544 

5 

4404. 90 

{ 

15157-37852 

10 

4276.  43 

\ 

13982-37359 

2.5 

4405.  68 

8492-31184 

10 

4278.  23 

20796-44163 

5 

4416.  54 

15108-37744 

2.5 

4278.  81 

18594-41959 

18 

4417.  28 

15220-37852 
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Intensity 

Wave- 

in  A 

Spec- 
trum 

Energy 

Jlj     V     X  o 

in  K 

Intensity 

a  rl 

\\\  3  T"  3      t  O  T* 

Wave- 

XC  11  y  Lil 

111  ii. 

Spec- 
trum 

Energy 

T      £i  T  T         1  C 

in  xv 

5 

4417.  72 

II 

9396-32026 

85 

4518.  03 

6661-28788 

10 

4421.  76 

18062-40671 

8 

4518.  70 

\ 

11532-33656 

10 

4422. 82 

I 

8602-31206 

85 

4522! 80 

I 

6599-28703 

2.  0 

4424. 39 

I 

18288-40883 

65 

4527.  31 

I 

6557-28639 

2.5 

4425.  83 

I 

8602-31191 

500 

4533.  24 

I 

6843-28896 

10 

4426.  06 

J 

15157-37744 

20 

4533.  97 

II 

9976-32026 

75 

4427. 10 

12118-34700 

300 

4534.  78 

6743-28788 

1.8 

4430.  02 

I 

19422-41988 

200 

4535'.  58 

I 

6661-28703 

7 

4430.  37 

I 

11640-34205 

100 

4535.  92 

I 

6599-28639 

4 

4431. 28 

I 

17996-40556 

100 

4536.  05 

I 

6557-28596 

2.  5 

4432.  60 

\ 

2.  0 

4537. 23 

2  0 

4433.  58 

19323-41872 

2.  0 

4539.  10 

\ 

14 

4434.  00 

I 

11532-34079 

60 

4544.  69 

I 

6599-28596 

I 

15108-37655 

80 

4548.  77 

I 

6661-28639 

6 

4436.  59 

I 

15157-37690 

20 

4549.  63 

II 

12775-34748 

2.5 

4438.  23 

18145-40671 

80 

4552.  46 

6743-28703 

11 

4440.  35 

J 

15108-37623 

2.  0 

4555.  08 

\ 

19422-41369 

4 

4441. 27 

I 

15108-37618 

60 

4555.  49 

I 

6843-28788 

19 

4443.  80 

II 

8710-31207 

1.  6 

4557.  86 

I 

19938-41872 

2.  0 

4444. 27 

I 

18062-40556 

1.  6 

4558.  11 

I 

18912-40844 

70 

4449. 15 

15220-37690 

5 

4559.  92 

11777-33701 

2  5 

4450.  49 

II 

8744-31207 

4 

4562.  63 

\ 

170-22081 

46 

4450.  90 

15157-37618 

3.0 

4563.  43 

I 

19574-41481 

70 

4453.  32 

I 

11532-33981 

9 

4563.  77 

II 

9851-31756 

24 

4453. 71 

I 

15108-37555 

3.  0 

4570. 91 

I 

19323-41194 

80 

4455.  33 

11640-34079 

20 

4571. 98 

II 

12677-34543 

90 

4457.  43 

\ 

11777-34205 

2.  0 

4589.  95 

II 

9976-31756 

1.8 

4462.  09 

I 

0-22405 

5 

4599.  23 

6 

4463.  38 

I 

15157-37555 

1.  8 

4609.  37 

I 

8 

4463.54 

I 

15220-37618 

80 

4617.  27 

I 

14106-35758 

24 

4465. 81 

14028-36415 

2.  0 

4619.  52 

J 

18826-40467 

20 

4468  50 

11 

9118-31491 

40 

4623.  09 

14028-35653 

20 

4471.24 

13982-36341 

16 

4629.  34 

I 

13982-35577 

8 

4474.  85 

I 

11640-33981 

4  d 

4634. 87 

8 

4479. 70 

I 

13982-36298 

5 

4637.  88 

I 

18912-40467 

4 

4480.  59 

14028-36341 

20 

4639.  37 

\ 

14028-35577 

44 

4481  26 

J 

14106-36415 

18 

4639.  67 

14106-35653 

8 

4482. 69 

I 

11777-34079 

16 

4639.  95 

I 

13982-35528 

1.  6 

4488.  32 

II 

25193-47467 

12 

4645.  19 

I 

13982-35503 

22 

4489.  09 

I 

14028-36298 

10 

4650.  02 

I 

14028-35528 

2.  0 

4492. 55 

16961-39214 

2.  0 

4656.  04 

\ 

14106-35577 

3  5 

4495.  01 

\ 

60 

4656.  47 

0-21470 

20 

4496*.  15 

I 

14106-36341 

70 

4667.  59 

I 

170-21588 

2.  0 

4497.  73 

I 

17075-39302 

6 

4675.  12 

I 

8602-29986 

17 

4501.  27 

II 

8998-31207 

80 

4681. 92 

I 

387-21740 

3.5 

4503.  78 

17215-39413 

1.  8 

4686. 92 

{ 

17370-38700 

1.  8 

4506.  36 

{ 

2.  0 

4690. 80 

8602-29915 

4 

4511. 17 

16 

4691.  34 

8602  —  29912 

65 

4512.  74 

6743-28896 

3.5 

4693.  68 

170-21470 

1.6 

4515.  62 

17075-39214 

2.0 

4696.  94 

17370-38654 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

lb 

/I       Q  "7^ 

o472  —  27/07 

o  n 
2.  0 

A  nc  o    o  c 
4958.  25 

7255  —  27418 

10 

4710.19 

I 

8437-29661 

5 

4964.  75 

\ 

15877-36014 

2.  0 

4715.  30 

I 

387-21588 

6 

4968.  58 

I 

15976-36096 

/ 

D 

H led. 

o472  —  270d1 

/ 

4973.  05 

16106-36209 

6 

47^3. 1  / 

O^nO  OQ7^Q 

odU2  —27  /fay 

11 

/I  n  ~7  (T      o  c 

4975.  35 

20210  —  40303 

^  c 

4  /31.  1  / 

1  7c  /in  0^71 
I  /d4U  —  iob  / 1 

fa 

/I  n  ~7  "7     "7  ^ 

4977.  74 

16268  —  36351 

4 

4733.  43 

I 

17424-38544 

11 

4978.  20 

{ 

15877-35959 

1.6 

4734.  68 

I 

18037-39152 

550 

4981. 73 

I 

6843-26911 

2.  0 

/I  "7  /I  O  11 
H  I^C,  11 

1  /:J  /  U  —  ^o4d1 

1  /I 
14 

15976  —  36014 

15 

/I  "7  >1  O  "70 

loU3  /  —  37116 

yi  /I  n 
44U 

4991. 07 

6743  —  26773 

2.  0 

4/4  /.  DO 

lOl/ll  *2QlQO 

lol41 —  iylvo 

1  n 
3.  0 

/I  Q  n  r  no 
4975.  08 

18145  —  38160 

28 

4758.  12 

I 

18141-39152 

13 

4997. 10 

{ 

0-20006 

28 

4759.  28 

I 

18193-39198 

380 

4999. 51 

6661-26657 

4 

mbb.  33 

1  Ol  /II        "2  011^ 

lol41 —  ^7llb 

o  o 
22 

r  n  ni    n  1 
5UU1. Ul 

16106  —  36096 

2.  5 

/I  *7  ^  Q  "7"7 

4  /  by,  1 1 

1  Ol  Q1       •2Q1  CO 

lol7^  —  ^7lb2 

'2  /I  n 

34U 

cn  f\n   o  1 
50U /.  21 

z.cnn     o z.  c z. /I 
6599  —  26564 

b 

Anno   o  ^ 
47  /o.  iio 

1  on*27  *20QZ.n 
loU^  /  — ^07DU 

1  T 

11 

5L)U7.  fa5 

i"7n  onioz. 
170  —  20126 

4 

4781.  72 

I 

6843-27750 

22 

5013.  30 

I 

16268-36209 

10 

4792. 49 

I 

18826-39686 

300  d 

5014.  19 

I 

0-19938 

4 

A nQC  oo 

lOOlO  '2Q^^O 

loolo  —  ^7Dfa2 

c  m  /I   o  /I 
DUi4.  24 

Z.CC7  OZ./1Q/1 

6b5  /  —26474 

3.  0 

AnQn   Q  o 
4  /7  /.  9o 

loo2b  —  J7fab2 

c  c 

DD 

c  m  z.  17 
Dulb.  1  / 

Z-O/l  '2  OZ.77'2 

6o43  —  26 / /3 

10 

4/77.  OU 

1  OO  O  Q       '2Q1  1  C 

lo2oo  —  ^Vllb 

Q  n 
oU 

c no n  f\i 

Z.7/1'2  OZ.Z.C7 

6/4^  — 266d  / 

2.5 

4805.  10 

II 

16625-37431 

80 

5022. 87 

I 

6661-26564 

10 

4805.  43 

I 

18912-39716 

55 

5024.  84 

I 

6599-26494 

4 

24b7D  —  4d4oD 

O  Q 

2o 

c  no  c  CO 

1Z./1CQ  *2Z.*2C1 

16437  —  3fa^bl 

2.  0 

4811.  Oo 

icoon  2z./^nr» 
15220  —  36000 

1  1  n 

110 

c  n*2  C  Ql 

5035. 91 

I  1  nnn     n  z.oq 

II  /  /  /  —  31fa27 

3.  5 

4812. 25 

1  OQl  O  '2QZ.O^ 

lo7l2  —  37bob 

o  n 
oU 

c  n  "2  An 
5036.  4/ 

llZ./in  21/lOQ 

llfa4U  —  314o7 

18 

4820.  42 

J 

12118-32858 

70 

5038.  40 

} 

11532-31374 

2.  0 

4825.  46 

I 

18695-39413 

110 

5039.  95 

170-20006 

3.  5 

4836.  13 

1  OOOO  '20Q^A 

lo2oo  —  3o7faU 

/ 

r  n  /I  n    z.  o 
DU4U.  fa2 

Z.Z.Z.1  OZ./IQ/I 

b661 —  26474 

42 

484U.  87 

/255  —  2 /7U / 

o 
o 

cn  /I  '2  CQ 

dU4^.  !37 

Z.7/1'2  OZ.CZ-/I 

6/4j  — 26d64 

o 

/!  O  ^  O  A~I 

4848.  47 

17540  —  38160 

3.  5 

rf\  A  A     O  7 

5U44.  2  / 

17C/in  '27*2CO 

1/540  —  3 / 357 

26 

4856.  01 

18193-38780 

5.  0 

5045.  41 

} 

6843-26657 

3.0 

4864.  18 

I 

17424-37977 

2.5 

5048.  21 

17370-37173 

18 

4868.  26 

18037  —  38573 

1  n 
10 

c  n  c  o  07 
5052.  o/ 

1  7  C /I  n  27'20C 

1 / 34U  —  3 / ^2d 

22 

4870.  14 

TOT/IT        1  O  L  l^d 

18141  —  38669 

o  n 
2.  0 

c n c  /I  no 
50d4.  (Jo 

OICOO  /I1'2Z.Q 

21boo  — 41367 

2.  5 

4880.  91 

17370  —  37852 

1  n 
10 

c  n  z.  o  11 
5062. 11 

17/10/1  •2717*2 

1 /424  —  3 /I /3 

4 

4882.  35 

18193-38669 

3.5 

5064.  07 

I 

21740-41481 

36 

4885. 08 

I 

15220-35685 

130 

5064. 66 

I 

387-20126 

36 

4899.  91 

15157  —  35560 

Q 

7 

cnz. C  QQ 
DUbD.  77 

llZ./in      "21  "27/1 

1164U  —  pl3 /4 

30 

4913.  62 

icino      1  C  A  C  A 

15108  —  35454 

*2    C  V. 

3. 5  n 

C  n  Z.  O     *2  '2 

DUbo.  JJ 

01/17n  /IIIQ/l 

214  /  U  —  41174 

5 

4915.  24 

icoon  *2cc^n 
1d22U  —  jDDbU 

b 

cnz,Q  1C, 

3Ub7.  JD 

J.  /  J  1  D  —  J  1  U7l 

12 

4919.  87 

I 

17424-37744 

12 

5071. 48 

I 

11777-31489 

17 

4921.  77 

I 

17540-37852 

4 

5085. 34 

I 

11532-31191 

5 

4925.  41 

1II1C7       1  C.  A  C  A 

15157  —  35454 

1  o 

12 

c n Q7  n 7 
dUo  /.  U  / 

1  1  C70      "il  1  5JA 

113^^:  —  311o4 

3.  0 

4926.  16 

Lead  0^.00*2 

b577  —  2bo73 

o  n 
2.  U 

CI  n*2  1  c 

14 

4928.  34 

l73iU  —  3ib5o 

r 
D 

CI  no  A  A 
DlU7.  44 

llb4U  —  jlduo 

3.0 

4937.  74 

I 

6557-26803 

18 

5113.  44 

I 

11640-31191 

9 

Am  o  in 
4938.  2y 

O  n7Q^     AT  c\Ar\ 
2U /7b  —  41U4U 

OA 
£.0 

CI  0 n  AO 

^U/7D  —  HUJC.U 

3.0 

4941. 58 

17424-37655 

3 

5129.15 

II 

15258-34748 

2.0 

4948.  19 

17540-37744 

26 

5145.  47 

11777-31206 
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Titanium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

-pv  f. 

t  r  lim 

Energy 
Levels 
in  K 

22 

5147.  48 

I 

0-19422 

2.5 

5436.  73 

I 

7255-25644 

20 

1  /O  — 195 /4 

1.6 

llb3<£  —  <:991b 

2.0 

bl 

5166.  86 

TiO 

4 

5446.  64 

\ 

18818-37173 

iUU 

5173.  75 

I 

0-19323 

1  n 
1.  u 

Di 

5448.  34 

TiO 

4 

5186.  34 

I 

17075-36351 

3.0 

5448.  90 

J 

18826-37173 

8 

5188.  70 

II 

12758-32026 

2.0 

5449.16 

I 

11640-29986 

120 

519^:.  9o 

1  /  u  —  I'mdc 

3.5 

D4r)3.  OD 

llb4U  —  ^177  /I 

8 

h 

5194.  04 

{ 

16961-36209 

5 

5460.  51 

\ 

387-18695 

o 

5201.  10 

I 

16875-36096 

y 

5471.  21 

I 

11640-29912 

11 

5206.  08 

I 

20063-39266 

3.5 

5472.  70 

I 

11640-29907 

7 

5207.  87 

16817-36014 

4 

h 

5473. 55 

I 

18826-37091 

130 

coin  Id 
bll\J,  39 

•2  0"7       1  QC"7/I 

5o  1  — 173  / 4 

8 

{ 

11  /  /  /  — 3UUJ7 

6 

5212.  29 

{ 

3.0 

5474.  46 

18912-37173 

in 

5219.  71 

I 

170-19323 

JL  X 

h 

5477.  71 

I 

19574-37825 

9 

5222.  69 

I 

16817-35959 

10 

5481. 43 

I 

19422-37660 

8 

5223.  64 

I 

16875-36014 

7 

5481. 87 

I 

11532-29769 

24 

1  /^ID  —  ^O^bl 

8 

h 

b4oo.  c.\i 

} 

viiLi  —  i  /b^7 

9 

5224.  56 

} 

16961-36096 

14 

5490.  15 

11777-29986 

io 

5224.  95 

I 

17075-36209 

5490.  84 

I 

387-18594 

6 

5226.  56 

II 

12629-31756 

10 

5503.  90 

I 

20796-38960 

11 

5238.  58 

I 

6843-25927 

4 

5511.  78 

I 

20063-38201 

2.0 

^U^ilU  — ^v<:bb 

32 

CCl O  CI 

DDl^. 3^ 

1  1  — ^77l^ 

5 

5246.  57 

{ 

6743-25798 

26 

5514.  35 

I 

11532-29661 

-j 

5247.  31 

I 

16961-36014 

5514. 54 

I 

11640-29769 

2.0 

5250. 95 

I 

6661-25700 

2.5 

5530.  49 

10 

5252.  11 

I 

387-19422 

10 

5565.  49 

I 

18037-36000 

7 

5255.  83 

1  / U  /D  —  3oU70 

1.2 

bb  /  7.  lb 

5 

5259.  99 

\ 

22081-41087 

2.0 

h 

5582.  98 

r 
D 

5263.  50 

I 

17215-36209 

J.  u 

n 

5585.  68 

14 

5265.  98 

I 

15220-34205 

6 

bl 

5597.  85 

TiO 

4 

5282.  39 

I 

8492-27418 

5 

bl 

5629.  28 

TiO 

13 

5283. 45 

15157  —  34U79 

1.  6 

bb3b.  o4 

3.5 

5284.  39 

\ 

8437-27355 

24 

5644.  14 

I 

18288-36000 

2.  5 

5288.  81 

7 

5648.  58 

I 

20126-37825 

6 

5295.  79 

I 

8602-27480 

2.5 

bl 

5661. 55 

TiO 

11 

5297.  26 

I 

15108-33981 

18 

5662.  16 

I 

18695-36351 

6 

5298.  44 

20210  —  390  Io 

7 

bbbzi.  7l 

{ 

^UUUb  —  ^ / bbU 

2.5 

5336.  81 

II 

12758-31491 

2.  0 

5673.  42 

25103-42724 

i.  o 

5341.  50 

34947-53663 

Lc. 

5675.  44 

I 

18594-36209 

7 

5351. 08 

J 

22405-41087 

3.0 

h 

5679.  94 

I 

19938-37539 

2.5 

5366.  65 

I 

6599-25227 

9 

5689.47 

I 

18525-36096 

5 

5369.  64 

7 

b  /  \jc,  bo 

ioH-o^  —  jbUi't 

4 

5389.  18 

\ 

6557-25107 

3.  5 

5708.  23 

I 

18695-36209 

5 

5389.  99 

I 

15108-33656 

6 

5711.  88 

I 

18594-36096 

1.6 

5396.  60 

I 

170-18695 

4 

h 

5713.  92 

I 

18463-35959 

8 

5397.  09 

15157-33680 

9 

5715. 13 

18193-35685 

3.5 

5404.  02 

\ 

18826-37325 

5 

5716.48 

18525-36014 

10 

5409.  61 

15220-33701 

3.5 

5720.48 

18483-35959 

4 

5426.  26 

170-18594 

8 

5739. 51 

18141-35560 

7 

5429.  15 

18912-37325 

4 

5740.  02 

18037-35454 
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Titanium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
iengtn 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1.  8 

5741. 22 

J 

20210-37623 

1.  0 

6419. 10 

I 

17540-33114 

2.  0 

c;7c;o  oa 

-J  1  J  Ot 

1  806?  —35439 

1.6 

6497  69 

T 
X 

1 1  Adfl  —  97n9A 

1.  8 

5756.  86 

I 

1.  8 

6508.  14 

I 

11532-26893 

4 

h 

5762.  27 

I 

26494-43844 

5 

6546.  28 

I 

11532-26803 

5 

h 

5766.  35 

I 

26564-43902 

6 

6554.  23 

I 

11640-26893 

7 

h 

5774.  05 

J 

26657-43972 

7 

6556.  07 

I 

11777-27026 

3.0 

qTon  7ft 

1  81  45  —  35439 

1.  8 

h 

At;A[;  AO 

T 
X 

7 

h 

5785.  98 

I 

26773-44051 

1.  6 

h 

6575.  18 

I 

20796-36000 

A 

hi 

5804.  26 

I 

26911-44135 

4 

6599. 11 

I 

7255-22405 

2.  0 

bl 

5814.96 

TiO 

2.  0 

bl 

6651. 46 

TiO 

4 

5823.  71 

18288-35454 

2.  0 

h 

6666. 55 

I 

11777-26773 

2.  0 

2.  0 

6677  18 

J 

38 

5866.  46 

I 

8602-25644 

2.  5 

b 

6691. 21 

TiO 

5880.  31 

I 

8492-25494 

3.  0 

6716.  68 

I 

20063-34947 

2.0 

h 

5888.68 

1.8 

bl 

6723.  95 

TiO 

22 

5899. 32 

J 

8492-25439 

9 

6743.  12 

I 

7255-22081 

5 

2.  0 

A844  64 

11 

5918.  55 

I 

8602-25494 

2.  0 

6860.  39 

14 

5922.  12 

I 

8437-25318 

4 

6861.  47 

I 

18288-32858 

7 

5937.  82 

I 

8602-25439 

1.  0 

6873. 92 

I 

21588-36132 

11 

5941.76 

8492-25318 

1.4 

6913. 19 

I 

21740-36201 

28 

\J7ZJJ»  i.  1 

x^^^u  ^tux*T 

1.  6 

h 

6933  1 5 

T 

X 

?c;i  07  — 395P7 

19 

5965.  84 

I 

15157-31914 

1.  6 

h 

6943.  70 

I 

25388-39786 

26 

5978.56 

I 

15108-31830 

3.  0 

6996.  63 

I 

18826-33114 

32 

5999. 04 
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17540-34205 
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7004.  66 
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18818-33091 
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18037-34700 
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6064.  63 
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8437-24921 
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I 

25318-39527 
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6085. 23 

I 

8492-24921 

5 

7038.  80 
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18912-33114 

11 

6091. 17 

I 

18288-34700 

1.8 

7050. 65 

I 

18912-33091 

4 

6092.  81 

15220-31629 

5 

bl 

7054.  51 

TiO 

4 

h 

DUyO.  O  / 

0 AMf^  —  A^  (187 

3.  0 

7069  11 

T 

25644  —  39786 

3.  5 

h 

6121.  01 

I 

15157-31489 

3.  0 

7072.  05 

1 1 

X  X 
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I 

8602-24921 

6 

bl 

7087.  89 

TiO 
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6138.  38 

I 

17370-33656 

4 

b 

7124.  9 

TiO 

3.  0 

6146.  22 

15108-31374 

5 

bl 

7125.  61 

TiO 
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AT  AQ  IL 
DXHy.  /  H 

J 
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T 

11640-25644 
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bl 

6162.23 
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7167. 13 
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6186.15 
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17540-33701 

3.  0 

7171.  53 

9 

h 
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21740-37825 
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7189.  89 

I 

20796-34700 

7 

h 
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21588-37660 

3.  5 

b 

7203.  64 

TiO 

6 

h 

A991  zn 

J 

7^  470  —  '^7R'?Q 

34 

7209  44 

I 

11777-25644 

36 

6258.  10 

I 

11640-27615 

8 

7216.  20 

I 

11640-25494 

36 

6258.  70 

I 

11777-27750 

17 

7244.  86 

I 

11640-25439 

28 

6261. 10 

I 

11532-27499 

17 

7251.  72 

I 

11532-25318 

6 

6303.75 

11640-27499 

2.5 

7263.  40 

5 

6312.24 

{ 

11777-27615 

2.5 

7266.  29 

I 

13982-27740 

2.5 

6318.  03 

11532-27355 

2.5 

b 

7269.  05 

TiO 

3.  0 

6336.  10 

11640-27418 

2.0 

7315.  56 

I 

17540-31206 

3.  5 

6366.  35 

11777-27480 

3.5 

7318.  39 

I 

18145-31806 
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Titanium  —  All  Observed  Lines 
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X.  V<-  i.  X        ir  J-  i- 
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Spec- 
trum 

Energy 
Levels 
in  K 

1  L 

16 

7344.  72 

11777-25388 

Lj 

8377.  85 

{ 

6661-18594 

i.  4 

7352.  16 

\ 

20063-33661 

IP 

8382. 54 

6599-18525 

Vc 

7357.  74 

I 

11640-25227 

■J 

8382.  82 

I 

6557-18483 

8 

7364.  11 

I 

11532-25107 

10 

8396. 87 

6557-18463 

3.5 

7440.  60 

I 

18193-31629 

16 

8412. 36 

6599-18483 

1.  ^ 

IM^.  94 

14106-27480 

8416.  98 

18037-29915 

7489.  61 

\ 

18141-31489 

5  n 

8424.  41 

{ 

16961-28829 

7496.  12 

I 

18037-31374 

99 

C.C. 

8426. 52 

I 

6661-18525 

1.6 

7580.  55 

17996-31184 

65 

8434.  94 

6843-18695 

1.2 

bl 

7589.  62 

TiO 

32 

8435.  70 

6743-18594 

U 

7614.  50 

18062-31191 

c 

8438.  93 

\ 

18193-30039 

^  n 
U 

7654.  44 

J 

18145-31206  . 

c 
D 

8450.  89 

18141-29971 

1  /I 
i.  4 

01 

7705.  21 

TiO 

1  9 

11 

8457.  10 

I 

14106-25927 

4 

7949.  17 

12118-24695 

2.5 

h 

8467.  15 

17075-28882 

3.5 

h 

7961. 58 

26657-39214 

6 

8468.  50 

15220-27026 

Q 
O 

7978.  88 

15220-27750 

9  n 

8496.  04 

J 

18145-29912 

1.  ^: 

7979. 07 

{ 

26773-39302 

9  c; 

n 

8518.  05 

17215-28952 

yi 
*J 

7996.  53 

I 

26911-39413 

8518.  32 

I 

15157-26893 

0.9 

h 

8003. 55 

1.  8 

8539.  38 

I 

18062-29769 

7 

8024.  84 

15157-27615 

5 

8548.  12 

15108-26803 

/I 

8068.  24 

15108-27499 

1  9 

8569.  77 

J 

17996-29661 

1.  u 

8267.  62 

1  9 

n 

8598.  18 

18288-29915 

1.8 

h 

8306.  31 

I 

27750-39786 

12 

8675. 39 

I 

8602-20126 

1.2 

h 

8307.  41 

I 

6661-18695 

6 

8682. 99 

I 

8492-20006 

1.2 

h 

8311.  76 

I 

27499-39527 

3.  0 

8692.  33 

8437-19938 

1.  0 

h 

8312.  85 

27615-39641 

2.5 

8734.  69 

8492-19938 

1.6 

8334.  37 

6599-18594 

3.  0 

8766.  64 

8602-20006 

1.  8 

8353.  15 

6557-18525 

2.  0 

h 

8778. 71 

14106-25494 

10 

8364.  24 

6743-18695 
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TUNGSTEN 


W,  Z=74,  M=  183.86,  Ratio  7^=2.894 

W  I   Normal  state  of  valence  electrons  5d^6s^  ^Dq  =0.    I.P.  =  64400  K 
W  II  Normal  state  of  valence  electrons  5d'^6s^  ^Doi^=0. 
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Relative  intensity  of  tungsten  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  tungsten 


Strong  lines  of  tungsten 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

950 

4008. 

75 

I 

2951-27890 

5d56si  a  '83- 

-5d6      6pi  3^PS 

550 

4074. 

36 

I 

2951-27488 

5d'6s^  a  'S3- 

-5d^      6pi  z'Pl 

450 

4294. 

61 

I 

2951-26230 

5c?66si  a  'S3- 

-5d^      6pi  z'Pl 

320 

2724. 

35 

I 

2951-39646 

5d56si  a  ^83- 

39646§ 

300 

2944. 

40 

I 

2951-36904 

5d^&s'  a  '83- 

36904? 

300 

2946. 

98 

I 

2951-36874 

5d«6si  a  '83- 

368743 

280 

2551. 

35 

I 

0-39183 

5d^6s2  a  5Do- 

39183f 

260 

2681. 

41 

I 

2951-40234 

5d56s'  a  '83- 

402341 

260 

2718. 

90 

I 

2951-39720 

5d56si  a  ^83- 

397205 

240 

3617. 

52 

I 

2951-30587 

5d56si  a  '83- 

-5d^6si6pi  z 

240 

4302. 

11 

I 

2951-26189 

5d^6si  a  '83- 

-5d^6s»6pi  z 

200 

2656. 

54 

I 

2951-40583 

5d56s'  a  '83- 

405831 

200 

2831. 

38 

I 

2951-38259 

5d=6s'  a  '83- 

382591 

200 

3867. 

98 

I 

2951-28797 

5d'Qs^  a 

-5d^6si6p'  z  'Dl 

190 

2896. 

45 

I 

2951-37466 

5d'6s^  a  '83- 

374661 

160 

2435. 

96 

I 

4830-45869 

5d^6s2  a  5D3- 

458691 

160 

2481. 

44 

I 

6219-46506 

5rf*6s2  a  5D4- 

46506^ 

160 

3817. 

48 

I 

2951-29139 

5rf56s'  a  '83- 

-5rf^6si6pi  z  sF| 

150 

4269. 

39 

I 

2951-26367 

5d56.s'  a  '83- 

263671 

140 

2466. 

85 

I 

3326-43851 

5rf*6s2  a  5D2- 

438511 

130 

3215. 

56 

I 

6219-37309 

5d<6s2  a 

373091 

120 

2474. 

15 

I 

6219-46625 

5^4  6s2  a 

466251 

120 

2547. 

14 

I 

3326-42573 

5#6s2  a 

42573! 

120 

3768. 

45 

I 

1670-28199 

5d^6s2  a  ^Di- 

-5d'6s'6pi  z  sPf 

120 

3780. 

77 

I 

2951-29393 

5d56si  a  '83- 

-5rf*6s'6p>  z  ^Yl 

120 

3835. 

05 

I 

3326-29393 

5d*6s^  a  6D2— 

-5rf^6si6p'  z  ^Pl 

110 

2459. 

30 

I 

3326-43975 

5d^&s^  a  6D2— 

439755 

110 

4102. 

70 

I 

6219-30587 

5d*6s2  a  6D4— 

-5d«6si6pi  z  ''Ps 
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Tungsten  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

t  rxim 

Energy 
Levels 
in  K 

3.  0 

2001. 71 

TT 

3173-53114 

1.  4 

2328.  31 

II 

1519-44455 

8 

2008.  07 

II 

4716-54499 

4 

2331.  30 

12162-55043 

3.  0 

2009.  98 

1518-51254 

1.  6 

2331. 92 

2.5 

2010.  23 

\\ 

3173-52902 

1.  6 

2332.  76 

2.  5 

2014.  23 

TT 

3-  0 

2333.  77 

II 

1519-44355 

5 

2026  08 

&_  W  Cm  VP'S    \J  W 

TT 

4716-54057 

5 

2341.  37 

T 

1670-44367 

10 

2029.  98 

II 

6147-55393 

1.6 

2343.13 

I 

17008-59673 

2.  0 

2035. 03 

1.8 

2347. 97 

3326-45902 

5 

2049.  63 

1519-50292 

1  8 

2349.  26 

II 

2.  5 

2065.  57 

TT 

4716-53114 

2349.  32 

13307-55859 

4 

2071. 21 

JT 

3173-51438 

3. 5  d 

2350.  37 

II 

2.  5 

2075.  59 

II 

8711-56875 

2350.  46 

4830-47362 

12 

2079.  11 

6147-54229 

9 

2354.  61 

6219-48676 

5 

2088.  19 

1.  8 

2358.  07 

-L.  \«y                         1  ^  ^  § 

3.  0 

2089.  14 

TT 

4716-52567 

1.  8 

2358.  81 

II 

3173-45554 

2.  5 

2090.  48 

18 

2360.  43 

J 

3326-45678 

9 

2094.  75 

II 

1519-49242 

26 

2363. 06 

I 

1670-43975 

4 

2098.  60 

1.  8 

2364.  22 

II 

3.5 

2100  67 

0-47589 

3.  5 

2365.  45 

0-42262 

2.  5 

2101. 54 

3.  5 

2365.  85 

T 

17008-59264 

2.  5 

2106. 18 

J  J 

1519-48983 

3.  5 

2366. 18 

J 

4830-47079 

2.  5 

2110.34 

II 

8711-56084 

3.0 

2366.95 

I 

9528-51763 

4 

2118.  87 

0-47180 

5 

2367.  68 

1670-43893 

5 

2121. 59 

3173-50292 

3.  5 

2370.  88 

2951-45117 

2.5 

2153. 56 

TT 

6147-52567 

1.  2 

2311, 39 

T 

17107-59264 

2.  5 

2157.  80 

T  J 

4716-51045 

1.  8 

2374. 14 

T 

6219-48326 

5 

2166.32 

II 

4716-50863 

18 

2374.46 

I 

4830-46932 

2.  0 

2182.  90 

6219-52015 

3.  0 

2374.  76 

3326-45422 

2.0 

2194.  52 

0-45554 

3.  5 

2376.  07 

\ 

15070-57143 

7 

2204.  48 

• 

T  J 

6147-51495 

1.  8 

2376.  56 

J 

17107-59172 

4 

2248.  75 

J  J 

0-44455 

1.  8 

2377.  03 

J 

4 

2249.  84 

I 

1670-46105 

8 

2382. 99 

I 

6219-48171 

2.  0 

2270.  24 

1519-45554 

26 

2384.  82 

6219-48138 

1.0 

2271.  37 

3326-47338 

3.  5 

2386. 17 

17008-58904 

6 

2277!  58 

T 

0-43893 

10 

2389.  07 

T 

1670-43515 

2.  0 

2284.  90 

T 

1670-45422 

5 

2390.  37 

II 

7421-49242 

4 

2285*.  17 

I 

6219-49966 

5 

2392.  93 

II 

4716-46493 

8 

d 

2294.  49 

6219-49789 

5 

2395. 47 

2294.  54 

II 

4716-48285 

34 

2397.  09 

II 

3173-44877 

4 

2298!  28 

4830-48326 

26 

2397.  72 

3326-45019 

4 

2303. 83 

II 

1519-44912 

26 

2397.  98 

T 

3326-45015 

4 

2306!  60 

2951-46292 

3.0 

2399.  04 

I 

17107-58778 

6 

2309.  04 

6219-49514 

1.  6 

2401.  29 

6219-47851 

8 

2313. 19 

0-43217 

5 

2402. 44 

13778-55389 

4 

2314!  18 

T 

6219-49418 

3.  5 

2404.  24 

II 

8711-50292 

3.5 

2315.  02 

II 

3173-46355 

2.  5 

2405. 26 

T 

13349-54912 

2.0 

2318.  94 

15070-58179 

85  d 

2405. 58 

J 

1670-43228 

9 

2321! 63 

3326-46385 

2405.  69 

4830-46385 

6 

T  T 
1  1 

8 

d 

2326.  56 

6219-49188 

3.0 

2410.  63 

6219-47689 

2326.  71 

3326-46292 
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Tungsten 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
truim 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

3.5 

2411.  54 

II 

17437-58892 

120 

2474. 15 

J 

6219-46625 

17 

2414. 04 

3326-44737 

30 

2477.  80 

II 

6147-46493 

34 

2415.  68 

{ 

1670-43054 

90 

2480. 13 

1670-41979 

3.0 

2416.  23 

6219-47593 

4 

2480. 65 

\ 

2951-43251 

3.  0 

2419.  34 

II 

20040-61361 

40 

2480.  95 

J 

1670-41965 

^  3.5 

2420.  20 

13778-55084 

160 

2481.  44 

J 

6219-46506 

3.0 

2421. 01 

II 

13412-54705 

50  d 

2482.10 

I 

2951-43228 

8 

2422. 28 

3326-44596 

2482.  21 

12162-52436 

2.5 

2422.  66 

\ 

6219-47484 

3.  0 

2484.40 

II 

20040-60279 

70 

2424.22 

I 

4830-46068 

60 

2484.  74 

12162-52395 

16 

d 

2425.  98 

J 

13349-54557 

13 

2486.  30 

J 

2426.  07 

I 

19535-60741 

40 

2487.  49 

I 

4830-45019 

10 

2427.  29 

15070-56256 

28 

2488.  77 

II 

7420-47589 

15 

2427.  49 

II 

3173-44355 

12 

2488.  91 

6219-46385 

14 

2429.  39 

II 

40 

2489. 23 

II 

4716-44877 

13 

2429.  84 

6219-47362 

7 

2489.  72 

J 

3326-43479 

10 

2430.  44 

I 

14976-56109 

8 

2490.  84 

I 

17008-57143 

50 

2431. 08 

3326-44447 

8 

2492.  93 

II 

14857-54959 

55 

2433. 98 

J 

4830-45902 

7 

2493.  39 

12162-52256 

5 

2435.  01 

II 

20534-61590 

65 

2495.  26 

J 

1670-41734 

160 

2435. 96 

4830-45869 

24 

2496.  64 

II 

4716-44758 

2.  5 

2436.  26 

I 

2951-43985 

5 

2496.  97 

17107-57143 

22 

2436.  62 

3326-44353 

10 

2497.  48 

II 

6147-46175 

2.5 

2437.  96 

{ 

9528-50534 

10 

2499.  44 

13349-53346 

6 

2442.  97 

14 

2499.  69 

II 

7420-47413 

2.  5 

2443. 33 

19826-60741 

4 

2500.  11 

II 

10 

2443. 62 

I 

17008-57919 

16  d 

2501.  78 

2951-42911 

55 

2444.  06 

1670-42573 

2501. 90 

II 

13412-53370 

15 

2446.  39 

II 

7421-48285 

1.  4 

2503. 04 

15070-55009 

28 

2448.  39 

12162-52993 

4 

2503.  96 

J 

28 

2451.  34 

12162-52943 

7 

2504.  53 

J 

9528-49444 

80 

2451. 48 

II 

1519-42298 

70 

2504.  70 

I 

1670-41583 

90 

2452.  00 

0-40771 

4 

2505.  38 

{ 

3326-43228 

44 

2454. 71 

I 

15070-55796 

10 

2505. 65 

12162-52060 

65 

2454.  97 

4830-45551 

28 

2506.  03 

J 

3326-43217 

80 

2455.  50 

6219-46932 

2.  5 

2508.  00 

II 

80 

2456.  53 

I 

3326-44020 

10 

2508.  44 

12162-52015 

110 

2459.  30 

3326-43975 

20 

2508.  74 

\ 

6219  —  46068 

28 

2460.  16 

\ 

6219-46855 

26 

2510. 16 

15070-54896 

20 

2461. 57 

12162-52774 

8 

2510.  47 

II 

19071-58892 

50 

2462. 79 

1670-42262 

3.  0 

2512.  93 

28 

2464.31 

I 

3326-43893 

14 

2513. 93 

I 

4830-44596 

10 

2465.  20 

17008-57561 

9 

2516.  58 

^^^^^^  n/ooo 

17107  —  56832 

24 

2466.  52 

II 

1519-42049 

6 

2518.14 

II 

10593-50292 

140 

2466.  85 

3326-43851 

3.  0 

2518.  50 

12162-51856 

8 

2470.  80 

II 

20781-61241 

10 

2519.  88 

J 

8 

2471.  21 

17107-57561 

32 

2520.  45 

\ 

15070-54733 

50 

2472.  51 

4830-45263 

6 

2520.  98 

10 

d 

2473.  69 

14976-55389 

80 

2521.  32 

2951-42601 

2473.  82 

0-40411 

28 

2522.  04 

II 

4716-44355 
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Tungsten 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
m  A 

Spec- 
trum 

Energy 
Levels 
m  K 

Intensity 

and 
Char  acte  r 

Wave- 
length 

■   A 

m  A 

Spec- 
trum 

Energy 
Levels 
in  K 

80 

2523. 41 

{ 

4830-44447 

55 

2571. 44 

II 

3173-42049 

0 

OCT-Z  CO 

X  o  u 

9t^79  OA 
CD  1  C,  cH 

T  T 
1  I 

c VDjH     D7  jyy 

8 

2524.  81 

I 

13349-52943 

2572. 35 

II 

13412-52276 

14 

2525. 68 

I 

20 

2573.  53 

I 

13307-52153 

10 

2526.  42 

I 

6219-45790 

8 

2573.95 

II 

16553-55393 

44 

2527.  77 

5 

2575.  46 

19828-58644 

on 

C.\i 

ocoQ  79 
iLDdy,  1  c 

1  7nnR  _  c;  Ac;97 
X  /  UUo  —  DODl.  1 

1  A 

CD  1  /  .  \JC 

XDU / U  —  DjoOj 

2.5 

2530.  99 

I 

2951-42450 

20 

2579.  26 

II 

80 

2533.  63 

I 

1670-41127 

20 

2579. 40 

I 

13307-52064 

3.0 

2533. 98 

I 

15460-54912 

2579.  54 

II 

7420-46175 

5 

2534.  68 

30 

2580. 33 

2951-41694 

c 
D 

T  T 
i  X 

C.V  1  OX  —  OVC.X7 

on 

1  A7n    /inzn  i 
X  o / u  —  nUtXX 

9 

2535.  10 

1670-41104 

14 

2581. 06 

I 

12162-50894 

7 

2539.  31 

I 

19535-58904 

4 

2581.20 

II 

6147-44877 

8 

2541. 69 

I 

6219-45551 

8 

2583.  22 

I 

12 

2543. 44 

40 

2584.  38 

17008-55691 

A 

CDOD,  CC 

60 

2545.  34 

I 

3326-42601 

11 

2585.  43 

I 

13349-52015 

120 

2547.  14 

I 

3326-42573 

4 

2586.  34 

I 

3326-41979 

3.5 

2548.  15 

I 

6219-45452 

5 

2586.  64 

I 

4830-43479 

3.5 

2548.  57 

12 

2586.94 

12162-50806 

c 
D 

T  T 
1  X 

JX  1  J  —  Hc.J7\J 

X  u 

"y^Rl  7A 
CDo 1 ,  1 O 

0Q^^  —A^ 

cyDi.  —  HX  30^ 

4 

2550.  10 

II 

40 

2589.17 

II 

6147-44758 

80 

2550.  37 

I 

1670-40868 

18 

2591. 49 

II 

0-38576 

14 

2551. 00 

I 

3326-42514 

7 

2593.  38 

I 

2951-41499 

280 

2551.  35 

0-39183 

5 

2596.  34 

J),  u 

CDDl,  70 

1  71  n7  —  c;  A9Rn 
X  1  xu  1  —  -JD^OU 

7 

9CQA  A7 

XDHDU  —  D  jyDy 

18 

2553.  16 

I 

4830-43985 

8 

2597.  73 

I 

17008-55492 

46 

2553. 82 

I 

4830-43975 

7 

2598.  42 

I 

17701-56175 

42 

2554.  86 

II 

0-39129 

11 

2598.  74 

II 

8711-47180 

60 

2555.  09 

II 

3173-42298 

8 

2600.  74 

17107-55546 

J  J  CO  —  H^tlJU 

JO 

9Am 

zifi'^  n  —  A'\')^'\ 

Ho J U  —  H^^DX 

4 

2556.  27 

I 

8 

2602.  51 

II 

32 

2556.  74 

I 

1670-40771 

13 

2602. 80 

I 

3326-41734 

8 

2557. 56 

I 

13349-52436 

8 

2603. 02 

II 

16553-54959 

3.0 

2558.  48 

I 

28 

2603.  54 

I 

4830-43228 

30 

2560.  12 

I 

15070-54119 

15 

2604.  38 

I 

17107-55492 

3.0 

2560.  75 

I 

18 

2605.  51 

I 

3326-41694 

9 

2561. 51 

I 

2951-41979 

70 

2606.  39 

I 

0-38356 

75 

2561. 96 

I 

4830-43851 

8 

2606.  90 

I 

17107-55455 

2606.  98 

II 

8833-47180 

24 

2563.  16 

II 

17437-56440 

ii 

T  T 
I  J. 

J  J 

9An7  "^R 

1  A7n  —  zinm  i 

X  D / U  —  HU  UX  X 

15 

2564.  68 

17008-55988 

38 

2608.  32 

I 

6219-44547 

14 

2567.  50 

I 

3326-42262 

5 

2610.  74 

I 

13 

2568.  21 

I 

3326-42251 

19 

2612.19 

I 

19648-57919 

10 

2568.  56 

2951-41872 

100 

2613.  07 

{ 

3326-41583 

8 

2568.  98 

\ 

19648-58563 

50 

2613. 82 

2951-41198 

20 

2569.  25 

12162-51072 

24 

2615. 12 

6219-44447 

2569.  30 

II 

15147-54057 

7 

2615.  44 

II 

15147-55370 

16 

2570.  09 

6219-45117 

20 

2618.  81 

3326-41499 

609065  O  -62  -27 
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Tungsten  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Characte 

r 
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length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

PA 

9A1  Q  1  R 
c.  OX  y»  X  O 

X_JU/U  —  D  JL-JO 

9n 

C\J 

u 

CO  1  1  ,  #7 

T  T 

A71     —  AOr\AQ 
H / i  D  —  H^Uhv 

D  U 

2620.  23 

I 

2951-41104 

2677.  91 

17701-55033 

2622.  21 

15070-53194 

5 

2678.  52 

19826-57149 

50 

*tOJU       *Tt.  /XX 

Rn 

9A7R  RR 
CO  1  o,  oo 

9Qc;i  — An9AQ 
CyD± — HU^D7 

10 

9A9A  94 

1  ZIQ7A  —  R'^flilP 

X*T//D  JJUHt. 

1  A 
X  o 

9ARn  nA 

^DOU.  UH 

1 7nnR  —  ^A^i  n 

X /UUO  —  DH^XU 

a-  Ok 

C  D 

1  A7n  — '^Q7n7 

XD/U  —  J/I\jI 

9An 

^DU 

9AR1  AT 
^  DoX,  HX 

9Qc;i  —AOO'T.A 
CyDi.  — HVCjH 

PD 

A 
\X 

2628.  89 

I 

36 

2683.  34 

I 

12162-49418 

2629.  00 

II 

13412-51438 

10 

2687.  37 

18974-56175 

50 

^ O  J  ^.  H  y 

1  91  AO  _  qni  '^7 

9A 
c  o 

9AQ1  nQ 

^D  yX.  U  y 

AR'^n  —  Al  Q7Q 
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50 
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ou 

OAQC  A7 
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JJCO  —  HUHXl 

JO 

2636.  55 

I 

2951-40868 

16 

2697.  51 

I 

2951-40011 

mi 

J  u 

A 
U 

2638.  61 

J 

19256-57143 

26 

2697.  71 

II 
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X  jHDU     d jjho 

9n 
c  u 
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COvO,  Ot 
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20 
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ou 
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_ 
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I 

15070-52856 

5 

2701.  48 

II 

14857-51863 

ou 
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3326-41104 

20 

2702.  11 

II 

13434-50431 

50 

9AZ1A  7*1 
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9A 

CO 

9709  "=19 

^  /  \iC.  DC 
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20 

okAi  ^  n 

^DH  /.  XU 
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1  n 

X  u 

97nA  m 

^  /  UD.  UX 

z 

'^'^9  A  —  An9  AQ 
J  J  CO  —  HUjiDy 

g 

7 

OkAl  in 
L.OH  1  ,  1  H 

T  T 
X  1 

c^n 

_J  u 

97nA  ciR 

^  I  UD.  ZjO 

- 

1  %%AQ  —  c;n9RR 

Lj^Hy  —  D\jCOD 

1  n 

JL  U 

2649.  98 

17008-54733 

5 

2707. 02 

2652.  61 

16431-54119 

8 

2707.  88 

19256-56175 

5 

T  T 
I  1 

97nR  1 R 
C  1  uo.  xo 

X  DH  JX  —  DJjHO 

10 

CODJ, D 1 

T  T 
I  i 

Al^  k  —  A9 "^Qn 

^n 

IJ  u 

97nR  c;R 
^  r  UO.  DO 

1  tin7n  —  m  Q7Q 

XIJU/U  —  3X7/7 

1  A 

1  ^/lAn  _  c;'^  1  1  R 
X3HDU  —  DJi-LO 

^n 

D  U 

A 

U. 
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Tungsten  —  All  Observed  Lines 
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Tungsten  —  All  Observed  Lines 
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Tungsten  —  All  Observed  Lines 
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Tungsten  —  All  Observed  Lines 
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URANIUM 


U,  Z=92,  M=238.07,  Ratio  ==3.747 


U  r  Normal  state  of  valence  electrons  5fQd^7s^  ^LJ  =0.       I.P.  ^50000  K 
U  II  Normal  state  of  valence  electrons  5/^     7s^  *l4j^=0  (assumed) 
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Levels 
m  K 

13 

3021. 22 

4 

3072. 34 

26 

3022. 21 

II 

3.5 

3072.  45 

7 

3024.  38 

24 

3072. 78 

13 

3024. 51 

8 

3073. 50 

8 

3026.  15 

11 

3075. 04 

5 

3026.  43 

5 

3075.  45 

8 

3026.  70 

5 

3077.  33 

10 

3027.  66 

I  620-33640 

11 

3079.  95 

13 

3028.  19 

12 

3080. 74 

II 

1749-34199 

9 

3029.  13 

7 

3081.  19 

5 

3029.  42 

11 

3082. 02 

5 

3030.  83 

8 

3083. 61 

26 

3031. 99 

II 

5 

3084.  24 

II 

2295-34708 

20 

3033. 19 

II  1749-34708 

8  d 

3086. 73 

9 

3035.  51 

5 

3087.  11 

5 

3035.  96 

10 

3088.  99 

8 

3036.  45 

8 

3090.  36 

5 

3036.  61 

4 

3090.  55 

8 

3038.  05 

5 

3091. 25 

8 

3039.  14 

24 

3093. 01 

10 

3039.  26 

5 

3094.  83 

4 

3039.  93 

12 

3095. 04 

II 

1749-34049 

5 

3040.  5 

8 

3095. 23 

II 

2295-34593 

5 

3041. 25 

13 

3095. 75 

4 

3041. 86 

5 

3096.  88 

4 

3041. 9 

13 

3098. 01 

II 

915-33184 

4 

3042.  73 

24 

3102.  39 

8 

3043.  79 

6 

3102. 61 

20 

3044.  16 

3.  5 

3102.  90 

4 

3045.  46 

5 

3103.  77 

8 

3046.  46 

II  289-33104 

19 

3104. 16 

8 

3046.  57 

6 

3105.10 

8 

3046. 84 

5 

3105. 65 

10 

3047.  57 

4 

3110.  52 

12 

3048  64 

I  620-33412 

6 

3110.  83 

4 

3049.  84 

40 

3111. 62 

24 

3050.  20 

10 

3112. 25 

10 

3051. 14 

7  d 

3114.  54 

I 

0-32098 

10 

3052.  91 

3114. 59 

5 

3054.  73 

6 

3115. 93 

10 

3055. 59 

II  0-32717 

6 

3119. 24 

8 

3056.  72 

22 

3119.  35 

II 

5260-37308 

26 

3057.  91 

6 

3120.  87 

5 

3060. 06 

5 

3121. 09 

19 

3061.  62 

6 

3121.  33 

26 

3062. 54 

8 

3124.  43 

4 

3063!  88 

II  2295-34924 

28 

3124. 90 

II 

^Uo't.  io 

o 

5 

3066.  87 

7 

3126.  70 

II 

2295-34268 

11 

3068.  65 

8 

3129. 73 
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Uranium  — All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
m  A 

Spec- 
trum 

Energy 
Levels 
m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

4 

3130.  73 

3.  0 

3190.  89 

o 
o 

^1  99 

3.  0 

3191. 76 

4 

3133.  42 

II 

2295-34199 

9 

3193.23 

4 

3133.63 

5 

3196.  74 

6 

3133.  92 

10 

3200. 14 

6 

3136.  89 

14 

3206.  05 

c 
J 

J  i.  J  O.  i 

6 

3206.  23 

II 

2295-33475 

5 

3138.  83 

3.0 

3211. 77 

22 

3139.56 

II 

4706-36549 

3.0 

3213. 09 

II 

8394-39508 

6 

3141.95 

3.0 

3214.  70 

17 

3144.  96 

9 

3218.  34 

•2-]  /IC  C/ 

TT 

5527-37308 

6 

3219. 17 

8 

3146.26 

10 

3224.  26 

6 

3146. 75 

10 

3226.  17 

11 

3147.  09 

30 

3229. 50 

6 

3148.  56 

28 

3232. 16 

II 

289-31219 

C.O 

■^1  49  ?1 

6 

3233. 34 

4 

3150.36 

3.0 

3235.  23 

6  h 

3151.  08 

II 

1749-33475 

3.  0 

3238. 42 

6 

3152. 31 

3.  0 

3240. 35 

22 

3153.12 

9 

3241. 99 

II 

•11  cc  o^: 
CO 

18 

3244.  17 

6 

3155. 41 

II 

1749-33432 

6 

3244.  79 

II 

2295-33104 

11 

3155. 86 

9 

3246. 11 

8 

3156.  07 

9 

3246. 39 

II 

289-31084 

6 

3157.  45 

3.  0 

3247.  49 

o 
o 

71 OA 
^ / .  oo 

4 

3248.  07 

6 

3159.  82 

4 

3249.14 

8 

3160.  77 

6 

3250.  28 

4 

3163. 73 

6 

3253. 80 

4 

3165.  28 

9 

3254.  84 

Q 

7 

tin 

3  0 

3257.  26 

9 

3167.10 

12 

3261. 72 

6 

3170.  86 

5 

3263.  12 

I 

0-30637 

6 

3171.37 

II 

5260-36783 

14 

3265. 81 

4 

3173.  71 

3.  0 

3269.  78 

II 

289-30863 

o 

18 

3270.  12 

II 

289-30860 

14 

3176.21 

3.0 

3271. 45 

14 

3177.  33 

3.  0 

3279.  55 

9 

3179.  04 

6 

3280.  00 

9 

3179.  83 

6 

3282.  54 

q 

7 

^  X  (J  u.  ^  u 

8 

3283.  10 

3.0 

3182.  55 

12 

3285.  22 

3.  0 

3182.  83 

9 

3287.  45 

5 

3185. 14 

18 

3288.  21 

11 

3185.  71 

30 

3291. 34 

9 

3188.  34 

II 

1749-33104 

3.0 

3293.  59 

6 

3189.  02 

5 

3294. 44 

3.0 

3189.  42 

4 

3297.  89 

6 

3190.  70 

11 

3299.  06 
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Uranium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
truna 

Energy 
Levels 
in  K 

g 

•2000  7Q 

1  2 

339c  -27 

12 

3303.  60 

II 

289-30550 

12  d 

3395. 58 

44 

3305.  93 

II 

0-30240 

3.0 

3397.  20 

A 
0 

'?'^9R  ?A 

J  J  /  7.  VJU 

J.  9 

JJ±±»  1 c 

TT 

X  J. 

i;?AO  — '^'i447 

34m  m 

^         X  «  VJ  X 

12 

3313. 94 

6 

3401.  21 

3.0 

3318.  85 

II 

3.0 

3401. 87 

D 

_'-'X7.  Ci. 

T  T 
i.  X 

1  2 

Q 

X  /»  J^- 

4 

3405  75 

g 

TT 

J.  J. 

9 

340A  28 

TT 

X  X 

91  5  —  30264 

/X^ 

3.0 

3322. 46 

6  d 

3407.  91 

6 

3325.  66 

II 

0-30061 

12 

3411.  53 

D 

J  J  C  1 ,  D\J 

1  2 

3412  10 

i-L. 

A 

3412  36 

T  T 

J.  X 

5 

-/tx.^«  ox 

6 

3336. 68 

3.0 

3414.36 

16 

3337.  79 

II 

289-30240 

3.0 

3416.12 

D 

^J?J?0.  HO 

T  T 
X  1 

qi  c;  _  -^nRAn 

3  0 

341 8  39 

I 

X 

620-29866 

lo 

TT 
X  1. 

g 

3421  69 

-'-/tt.  DO 

3  0 

3422  35 

6 

3344.  87 

9 

3423. 05 

4 

3345.  54 

24 

3424.  56 

II 

1749-30942 

o 

■2-341;  Rq 
jj'^jt  07 

T 
X 

A?n  — '5n4QQ 

A 

3424  81 

^   1  t-    1  «  ux 

1 1 

7 

3426  39 

TT 
X  X 

L.  07      J?  UU  OD 

c  u 

3430  1 8 

11 

3357.  93 

II 

289-30061 

3.0 

3430.  48 

6 

3360.  08 

6 

3431.14 

I 

4276-33412 

D 

^^Dl.  /  J 

A 
u 

3431  c;4 

\\ 

X  X 

5791-34924 

0 

^  J>D  /  .  -JO 

3  0 

3433  71 

TT 

X  X 

289-29404 

•J-2A7  qn 

w 

3433  90 

TT 

X  X 

289-29402 

9 

3368.  83 

11 

3434.15 

II 

1749-30860 

3.0 

3368.  98 

I 

620-30294 

5 

3434.  61 

■^"^7(1  1 

T  T 
X  X 

A 

3435  20 

(1.  ^7 

24 

3435  4g 

T 

620-29720 

q 

S)  J  1  c,  Ul 

T  T 
X  X 

ORg  —  oqq-^A 

A 

3436  78 

9 

3375.  78 

3.0 

3437.  93 

5 

3376.  55 

6 

3440.  98 

b 

'2i'i77  "^q 

T  T 

y  X 

1 1 

X  X 

344?  gi^ 

3447  32 

D 

'^'^Rn  7n 

A 

3448  78 

6 

3381. 95 

6 

3451.  21 

II 

1749-30716 

3.0 

3382. 68 

II 

915-30469 

15 

3453. 57 

Q 

7 

T  T 
X  1 

9Rq  _  9QR9R 
L.Oy     Cy  OL.O 

A 

3453  78 

Q 
V 

^^OD.  1^ 

3454  23 

•2-200  "^Q 
^ J> 7U.  J 7 

10 

3455  74 

5 

3390.  97 

13 

3457.  05 

II 

1  n 
3.  U 

'2'2Q'5  QO 
^iVC,  77 

T  T 
11 

1 

X 

34^7  71 

12  d 

3393. 91 

10 

3458.  17 

14 

3394.  78 

II 

5260-34708 

3.0 

3458.  68 

424 


Uranium  —  All  Observed  Lines 


Intensity 
and 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 

J.  11 

15 

3459.  92 

6 

3516.  3 

13 

3462.  21 

I 

0-28875 

6 

3516.  85 

19 

3463. 54 

6 

3517.  05 

II 

6283-34708 

26 

3466.  30 

I 

3801  — 3^64<i 

16 

0  c  1  n  n/ 

6 

3469.  49 

0 
8 

0  c  0  n  ~7n 
35^U.  79 

5 

3469. 7o 

T  T 
11 

r 

3d^1. ^8 

16 

3472. 51 

6 

3522. 58 

6 

3472. 56 

II 

2295-31084 

6 

3522. 67 

13 

3473. 43 

3.  U 

"2  CO  '2     2  C 

6 

3474.  54 

iU 

"2  C  0  "2  C.~l 

6 

o  /I  "7  /I    n  D 

3474.  99 

iU 

"2  C  0  C  1/1 

3Di:l3.  1^ 

6 

3476.  44 

10 

3525. 65 

3.  0 

3477.  50 

3.  0 

3525. 73 

11 

3477.  o4 

iU 

"2  c  0  ^    ^  r\ 

5 

3479. 16 

lU 

'2  C  0  0  Q 

3d^:8.  bV 

15 

o  /I  n  n    o  / 

3480.  36 

3.  U 

35^:9.  /  / 

28 

3482. 54 

16 

3531. 11 

II 

1749-30061 

5 

3486. 30 

10 

3531.  64 

6 

3488.  82 

<i6 

'2  C'2  2     C  "7 

3533.  5  / 

T  T 
1  1 

QIC  0Q0n7 

65 

o  /I  on   1  ~7 

3489.  37 

T 
I 

n    0  0  j1  c  n 

13 

'2  C*2  /I     '2  2 

3d3^. 33 

T 
1 

n      0  QO 

9 

3489.  57 

T  T 

II 

5791 —34439 

1.  n 
3.  0 

'2  C  '2  C  0/1 

3535. 84 

12 

3490.  24 

3.  0 

3537.  06 

5 

3491. 34 

10 

3537.  28 

16 

3493.  33 

6 

•2  C'2  "7     A  l\ 

353  /.  44 

14 

3493.  99 

1 

6/iU  ~  drJLii 

b 

'2  C2  0     0  '2 

3538.  Li 

T 
1 

/■on  0DD"7C 

13 

o  ^  n  /I    n  /I 

3494.  84 

iU 

^  C  '2  Q     Z.  C 

3539.  65 

3.  0 

3495. 60 

II 

22 

3540.  46 

II 

3.0 

3495. 75 

3.  0 

3541. 89 

22 

o  /I  n  /     /I  o 

3496. 42 

T  T 

II 

1  /49  — 3U34<: 

13 

■2  C  /I  0     C  "7 

T 
I 

'\l  lb—  jiLHyo 

6 

3497.  26 

lU 

•2  C  /I  2     T  ^ 

3543.  16 

T  T 
11 

CO^n  '2'2/l"7C 

D^bU  —  33^ / D 

6 

'5  yi  n  "7    /  o 

3497.  6<i 

^  C  yi  "2  "7*2 

3r)H3.  /3 

10 

3499. 33 

II 

2295-30863 

6 

3544.  21 

26 

3500.  07 

I 

0-28563 

6 

3544.  99 

3.  0 

3500. 33 

lU 

0  r  /I  r     /I  /I 

3545. 44 

3.  0 

3501. 00 

lU 

■2  c  yi  C    ^  "7 

3545.  6  / 

10  d 

o  p  A  o    1  yi 

3502. 24 

iU 

•2  C  /I  ^     1  "2 

3546.  13 

13 

3504.  00 

10 

3546.  68 

II 

1749-29936 

6 

3504.  93 

16 

3547.  19 

II 

1749-29932 

13 

3505.  07 

6 

•2  C  /I  0     <C  0 

3r)^8.  6<: 

T  T 
1  1 

CO^n  2'2/l'20 

6 

0  c  A  c     yi  c 

3505.  45 

13 

'2 c /I Q  on 

T 
I 

■2  D  m       "21  OA  Q 

38U1 — 3l7b8 

10 

0  c  r\  ~7   n  c 

3507.  U5 

I 

6^U  — ii7l^:6 

b 

0  c  c  n  17 
3!5l3U.  i  / 

32 

3507.  34 

I 

0-28504 

48 

3550.  82 

II 

0-28154 

13 

3508.  85 

II 

1749-30240 

6 

3551. 04 

16 

3509.  67 

13 

•2  C  C  0     T  "7 

355^. 1  / 

10 

0  r~  T  T      /I  yi 

3511. 44 

I 

0  —  ^8470 

/ 

'2  C  C  0  Wl 

6 

0  n  n  T      r"  0 

3511. 58 

T  T 

II 

289  — 2o75o 

3.  0 

•2  C  CO  QO 

355^. yd 

6 

3513.37 

6 

3553.  44 

13 

3513. 68 

28 

3555. 32 

I 

n     0  0 1  T  n 

0  — ^^8119 

65 

3514.  61 

I 

0-28444 

16 

3557.  84 

I 

0-28099 

5 

3515.24 

6 

3560.  31 
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Uranium 


—  All  Observed  Lines 


Intensity 
and 

Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

6 

3560.  44 

II 

1749-29828 

19 

3605.  28 

13 

3561. 41 

5 

3605.  48 

II 

1749-29477 

48 

3561.  80 

15 

3606.  32 

II 

16 

3563. 66 

I 

0-28053 

6 

3608.  96 

5 

3564. 18 

10 

3609.  68 

10 

3564. 59 

6 

3610.  49 

"6 

3564.  88 

6 

3610.  69 

6 

3565. 05 

I 

4276-32318 

3.  0 

3611. 24 

95 

3566.  60 

I 

620-28650 

3.  0 

3611.40 

I 

0-27682 

6 

3568.  82 

8 

3612.  67 

II 

915-28587 

22 

3569.  06 

6 

3615.54 

3.0 

3570.  65 

13 

3616.  33 

I 

3801-31445 

3.  0 

3570. 93 

II 

4421  -32417 

13 

3616.  76 

T  T 

II 

6 

3571.  18 

3.0 

3616.  89 

5 

3571. 56 

3.  0 

3617.  49 

6 

3571. 69 

II 

3.0 

3617.  62 

8 

3574.11 

6 

3618.  49 

13 

3574.  76 

I 

0-27966 

3.  0 

3619. 13 

T  T 

II 

207  —  27912 

10 

3576.  22 

13 

3920.  08 

I 

0-27616 

6 

3577.  08 

3.  0 

3622. 04 

15 

3577. 92 

I 

0-27941 

13 

3622.  70 

10 

3578.  33 

II 

16 

3623. 06 

II 

915-28508 

26 

3578.  72 

5 

3625.  98 

8 

3580.  25 

I 

620-28543 

3.  0 

3628.  38 

15 

3581. 84 

19 

3630.  73 

12 

3582.  02 

3.  0 

3632.  95 

8 

3582.  62 

8 

3633.  29 

130 

3584.  88 

I 

0-27887 

5 

3634.  56 

10 

J.  \j 

3585.  84 

6 

3635.  30 

I 

3801-31301 

5  d 

3587!  78 

I 

4453-32318 

6 

3635.  40 

II 

0-27499 

3587.  84 

7 

3637.  51 

10 

3589.  66 

I 

620-28470 

48 

3638.20 

I 

3801-31279 

10 

3589.  79 

II 

5667-33516 

7 

3638.  65 

12 

3590.  32 

II 

5260-33104 

18 

3640.  76 

13 

3590.  50 

II 

915-28758 

14 

3640.  95 

II 

1749-29207 

6 

3591. 56 

9 

3642.  44 

16 

3591. 74 

I 

620-28454 

24 

3644. 24 

I 

620-28053 

5 

3592.  97 

I 

620-28444 

3.  0 

3644.  85 

10 

3593. 20 

I 

4276-32098 

18 

3645.  03 

19 

3593. 52 

10  d 

3649. 41 

3649.  58 

5 

3593  68 

12 

3594.  95 

38 

3651.53 

6  d 

3596. 76 

28 

3652. 07 

3596.  88 

8 

3653.  21 

I 

3801-31166 

6 

3599.  84 

8 

3654.  89 

I 

3868-31221 

6 

3600.  29 

7 

3657.32 

3.0 

3601.  19 

10 

3659.  01 

620-27941 

3602. 48 

I 

3801-31552 

55 

3659.  16 

I 

6 

3603.36 

I 

0-27744 

10 

3659.  59 

5 

3603.  74 

I 

4276-32017 

9 

3662.33 
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Uranium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
diarartp  i 

JLX  U'  X.  U.  ^ 

- 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 

T      irf^  1  c 

in  K 

10 

a 

3666. 10 

17 

h 

3720.  39 

3666.  21 

17 

3722. 68 

6 

3667.13 

8 

3724.23 

6 

3667.  98 

26 

d 

3724.  99 

II 

1749-28587 

7 

3669. 15 

3725.  07 

160 

3670.  07 

II 

915-28154 

9 

3725.  65 

14 

3670.  53 

26 

3729.  82 

11 

3672.  58 

9 

3730.  13 

10 

3673. 06 

7 

3731.  45 

I 

0-26792 

11 

3673. 39 

17 

d 

3731.  58 

3731. 77 

11 

d 

3674.  13 

11 

d 

3674.  99 

17 

3732.  26 

I 

3801-30587 

3675.  08 

II 

26 

3732.  62 

15 

3676.  56 

II 

6283-33475 

26 

3733.  07 

15 

3677.  39 

I 

3801-30986 

17 

3733.  58 

11 

3677.  67 

17 

3737.  25 

22 

3678.  75 

44 

3738.  05 

II 

5791-32535 

14 

3679.38 

I 

620-27791 

14 

3742.35 

16 

3679.  81 

22 

3744. 24 

14 

3680.  88 

50 

3746,  41 

II 

5527-32211 

13 

3682. 04 

26 

3747. 12 

0 

8 

3682.  46 

II 

6283-33432 

70 

3748.  68 

II 

13 

3683. 59 

44 

3751.18 

I 

3801-30451 

13 

3684.  62 

18 

3751. 72 

11 

3685. 78 

I 

620-27744 

26 

3752. 66 

40 

3691.  92 

14 

3754.  31 

24 

3693.  70 

26 

3755. 48 

14 

3697.13 

18 

3756.66 

16 

3697.  93 

18 

3756.  92 

40 

3700.  58 

II 

915-27930 

36 

3758.  36 

I 

4276  —  30876 

80 

3701. 52 

II 

5527-32535 

26 

3759.  23 

17 

3702.  62 

I 

4276-31276 

9 

3759.  88 

17 

3703.  27 

I 

620-27616 

18 

3760.  88 

17 

3704. 10 

12 

3761. 96 

13 

3705.  04 

12 

3762. 11 

8 

3705.  98 

24 

3763.  27 

I 

7006-33571 

17 

d 

3707.  29 

36 

3764.  57 

3707.39 

20 

3765.  35 

I 

0-26550 

8 

3707.  65 

32 

3766.  89 

I 

4453  —  30993 

8 

3707.  95 

I 

7104-34065 

18 

3768.  80 

8 

3709.  88 

24 

3769.  54 

26 

d 

3713. 56 

I 

0-26921 

14 

3772. 82 

3713. 65 

40 

3773.44 

I 

3801-30294 

17 

3714.76 

II 

2295-29207 

18 

3775.  99 

II 

915-27390 

17 

3715.47 

22 

3776.  48 

8 

3716.14 

9 

3779.  05 

22 

3717.  42 

28 

3780.72 

II 

915-27357 

26 

3718.11 

9 

3781.  75 

I 

3868-30304 

12 

3718.  61 

140 

3782.  84 

II 

289-26717 

8 

3719.  29 

I 

620-27499 

32 

3783.  84 

II 

5791-32211 
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Uranium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

9 

3786.  57 

90 

3839.  62 

I 

3801-29838 

18 

3786.  84 

9 

3842. 99 

14 

3787.  23 

9 

3844. 00 

14 

3788.  16 

9 

3844.  23 

9 

3790.  22 

9  h 

3845. 12 

9 

3790.  33 

28 

3845.  32 

'  9 

3792.  41 

II 

9 

3846.  24 

42 

3793.  10 

II 

4585-30942 

18 

3846.  55 

I 

3801-29791 

28 

3793.  28 

15 

3847. 84 

28 

3793.  57 

36  d 

3848.  62 

II 

4585-30562 

3848.  72 

16 

3795.  13 

18 

3796.  20 

9 

3849.  71 

18 

3796.  54 

15 

3849.  85 

II 

0-25968 

18 

3796.  84 

9 

3851.  72 

I 

5991-31946 

14 

3797.  77 

46 

3854.  22 

I 

0-25938 

18 

3798.  84 

180 

3854. 66 

II 

18 

3799.  20 

II 

8394-34708 

360 

3859.  58 

II 

289-26191 

18 

3799.  55 

36 

3861. 16 

18 

3801. 15 

I 

620-26921 

9 

3863.  09 

18 

3802.  27 

18 

3864.  30 

9 

3803.35 

18 

3864.  48 

28 

3808.  93 

I 

6249-32496 

140 

3865.  92 

II 

2295-28154 

28 

3809.  22 

T  T 

II 

28 

00//  on 

3866.  80 

7 

3810. 10 

18 

3867.  17 

I 

3868-29720 

140 

3812.  00 

I 

0-26226 

9 

3868.  42 

II 

4421-30264 

9 

3812.  58 

18 

3870.  05 

28 

3813.  79 

II 

2295-28508 

110 

3871. 04 

I 

0-25826 

28 

3814.  07 

T  T 

II 

915  —  27126 

-7 

7 

0  n ~n  no 

3871. 88 

9 

3816.  61 

46 

3874.  04 

9 

3817. 16 

18 

3876.  13 

I 

0-25792 

12 

3818.  06 

9 

3876.  59 

9 

3818.  48 

II 

1749-27930 

46 

3878.  09 

9 

3818.  76 

II 

18 

3879.  53 

I 

4453  —  30222 

9 

3819.  25 

I 

4276-30451 

18 

3879.  71 

9 

3821. 22 

75 

3881.46 

II 

4585-30342 

18 

3821.  95 

I 

3801-29958 

36 

3882.  36 

II 

1749-27499 

9 

3822.  35 

18 

3883.  10 

9 

3822.  56 

28 

3883. 33 

55 

3826.  51 

II 

289-26415 

18 

3884.  68 

18 

3829.  03 

13 

3887.  45 

14 

3829.  39 

13 

3887.  70 

9 

3829.  79 

I 

0-26104 

160 

3890.  36 

II 

289-25986 

150 

3831.  46 

II 

9 

3891.  68 

18 

3831. 86 

18 

3891.  82 

15 

3833.  02 

18 

3892. 41 

18 

3835.  14 

46 

3892. 68 

II 

5260-30942 

9 

3835.  22 

36 

3894.12 

I 

0-25672 

15  h 

3835.  92 

15 

3895.  27 

II 

4421-30086 

9 

3837.  27 

36 

3896.  78 

II 

8394-34049 

15 

3838.  15 

18 

3897.  06 

428 


Uranium 


—  All  Observed  Lines 


Intensity  Wave- 
and  length 
Character        in  A 


Spec- 
trum 


Energy- 
Levels 
in  K 


14 

3897.  26 

9 

3897.  71 

14 

3899.  10 

II 

18 

3899.  27 

18 

3899.  42 

46 

3899.  78 

II 

30 

3902. 49 

II 

34 

3904.  30 

II 

18 

3904.  56 

II 

9 

3904. 85 

28 

3906.  46 

9 

3908.  33 

9 

3908.  47 

9 

3909.  06 

18 

3910.  89 

24 

3911. 67 

14 

3914.  20 

14 

3914.  27 

28 

3915.  88 

II 

9 

3916.  53 

18 

3917.  25 

I 

9 

3917.  82 

6 

3918.  06 

II 

14 

3921. 55 

9 

3923. 05 

14 

3924.  27 

II 

24 

3926.  22 

I 

24 

3926.  73 

I 

18 

3927.  76 

9 

3928.  83 

12 

3930.  43 

32 

3930.  98 

15 

3932. 03 

II 

9 

3933. 03 

II 

36 

3935.  38 

24 

3940.  49 

14 

3942. 55 

II 

18 

3942. 83 

90 

3943. 82 

I 

18 

3944. 13 

II 

22 

3948.  45 

I 

7 

3951. 48 

7 

3951. 55 

II 

22 

3953.  58 

II 

40 

3954.  66 

II 

18 

3955.  38 

9 

3959.  20 

14 

3962. 79 

II 

26 

3964.  22 

I 

18 

3964.  67 

4421-30061 


2295-27930 
2295-27912 

5260-30863 


8119-33640 
4421-29936 


4585-30061 
0-25463 
5762-31221 


289-25714 
0-25419 


0-25357 

0-25349 
4585-29932 

0-25319 


4421-29707 


4706-29934 
6249-31469 


Intensity 

and 
Character 


Wave- 
length 
in  A 


Spec- 
trum 


Energy 
Levels 
m  K 


12 

3964.  96 

18 

3966.  40 

II 

2295 

-27499 

44 

3966.  57 

II 

9 

3967.  48 

9 

3969.  02 

9 

h 

3974.  98 

14 

3978.  80 

9 

h 

3980.  80 

I 

5762 

-30876 

17 

3983. 91 

II 

7 

3984.  18 

85 

3985.  80 

II 

5260 

-30342 

6 

3988.  64 

14 

3988  89 

II 

2295 

-27357 

34 

3990.  42 

II 

915 

-25968 

28 

3992. 54 

II 

9 

3994.  29 

17 

3994.  98 

14 

3995  97 

II 

9 

3997.  09 

I 

7008 

-32017 

26 

3998.  24 

9 

3999.  18 

I 

3801 

-28799 

9 

d 

4001. 25 

9 

4002.  34 

9 

4003!  20 

26 

4004. 06 

II 

1749 

-26717 

32 

4005.  21 

I 

4453 

-29414 

14 

4005.  70 

9 

4009.  17 

II 

6283 

-31219 

8 

4011.45 

6 

4014. 16 

42 

4017.  72 

II 

22 

4018.  99 

II 

289 

-25164 

6 

4026. 02 

II 

2295 

-27126 

12 

4031.31 

12 

4033. 43 

II 

4421 

-29207 

14 

4033. 73 

16 

4034.  50 

I 

4453 

-29233 

16 

4039.  78 

75 

4042.  76 

I 

620 

-25349 

38 

4044.42 

30 

4047.  62 

I 

620 

-25319 

120 

4050.  04 

II 

0 

-24684 

40 

4051. 91 

II 

5260 

-29932 

13 

4053.  03 

II 

1749 

-26415 

22 

4054. 31 

II 

6283 

-30942 

32 

4058.16 

6 

4060.  10 

6 

4061. 35 

8 

4061. 74 

65 

4062.  55 

II 

0 

-24608 
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—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trnm. 

Energy 
Levels 
in  K 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

8 

4064  16 

100 

4171  59 

~X  /  X«   J  / 

II 

X  X 

1 74Q_?571  4 

8 

4066.  80 

10 

4172.97 

II 

6283-30240 

38 

4067.  76 

II 

6283-30860 

16 

4174.19 

II 

5527-29477 

30 

4071. 11 

10 

4179.  00 

II 

X  X 

4585-28508 

22 

4074!  49 

11 

6  h 

4184*  89 

24 

4076  72 

~\J    1    \Jm       1  Cm 

14 

X  1 

4186  96 

I 

X 

427A  — ?ftl  53 

16 

14 

4188.  07 

II 

289-24160 

24 

4080.  61 

22 

4189.  28 

II 

289-24153 

14  h 

4084  93 

TI 

X  X 

5791  -30264 

4 

4191  94 

~X  / X  9    /  ~ 

I 

0  —  23849 

20 

4088  25 

11 

X  X 

0-24453 

13 

4197.  52 

II 

8394  —  32211 

\J  ^  /    1         ^  ^  ^  X  X 

160 

4090.  14 

II 

1749-26191 

10 

4198.  22 

I 

620-24433 

16 

409l! 52 

4 

4200.  10 

II 

6283-30086 

8 

4091.  64 

I 

0-24433 

7 

4201.13 

A 

4094  62 

13 

X  ^ 

4204,  37 

II 

X  X 

0-23778 

A 

4094  89 

4210*  45 

16 

4095, 75 

18 

4211.  68 

II 

16 

4096.*  35 

10 

4212,26 

II 

4421-28154 

34 

4098.  03 

II 

289-24684 

10 

4213.  88 

15 

4101  91 

1  X  V  X  «  /X 

I 

X 

8119-32491 

\J  XX/  ^i^i/X 

6 

4214.  28 

14 

4103  12 

1  X  \J  ^  ^  X  c 

6 

4214. 42 

II 

289-24010 

28 

4106  28 

5 

4219.  98 

15 

4106.  93 

II 

0-24342 

26 

4222.  36 

I 

3801-27478 

5 

4108.  36 

I 

0-24334 

5 

4227.  33 

II 

6283-29932 

4113  11 

1  X  X  ^  »  X  X 

IT 

X  X 

0-24306 

6 

4228,  76 

60 

4116  10 

~  X  X  vj«  X  V/ 

II 

X  X 

0-24288 

16 

4231, 67 

I 

7646-31270 

4 

4116  89 

~X  X  u«  u  / 

5 

4232,  04 

II 

289-23912 

30 

4124.  73 

II 

1749-25986 

12 

4236,  04 

30 

4128.  34 

4 

4240,  59 

II 

6283-29858 

1  n 

J.  \J 

4132  02 

75 

4241,  67 

II 

4585-28154 

\  0 

X  \J 

4133  20 

38 

4244,  37 

II 

0-23554 

4133  50 

I 

X 

0-24186 

19 

4246.  26 

I 

0-23544 

7 

4135.  76 

II 

4585-28758 

12 

4252,  43 

10 

4136.  81 

II 

4421-28587 

4 

4266,  32 

I 

0-23433 

7 

4138  66 

10 

4267,  30 

II 

915-24342 

1  4 
X  t 

4T?9  14 

IT 

X  X 

0  —  24153 

4 

4267  94 

41  41  23 

•^x ^X«  ^ 

TI 

X  X 

8394  —  32535 

6 

4268  85 

5 

4141. 86 

I 

620-24757 

12 

4269,  61 

II 

1749-25164 

11 

4144.  70 

II 

2295-26415 

6 

4273,  98 

II 

915-24306 

*t 

4145  39 

IT 

X  X 

6445  —  30562 

6 

4276.  47 

A 

4146  61 

•txtu*  ux 

15 

4282! 03 

II 

289-23636 

41  c;-^  97 

T^X             '  ' 

I 

X 

0  —  24067 

12 

4282. 45 

II 

4585-27930 

20 

4155.  41 

II 

6283-30342 

15 

4287,  87 

II 

0-23315 

28 

4156.  66 

I 

620-24671 

15 

4288,  84 

I 

6249-29559 

5 

41  60  95 

*TX  U  U«   V  ^ 

T 

X 

0  —  24026 

11 

X  X 

4297, 11 

II 

289-23554 

J.  o 

41  A?  43 

T 

X 

3801  —27818 

9 

4301  47 

II 

0-23241 

26 

4163  68 

II 

X  X 

0-24010 

4 

4306,  78 

5 

4164.  79 

4 

4310,39 

II 

6283-29477 

20 

4165  68 

T  X  \J  ^  %  \J\J 

II 

289-24288 

11 

4313, 13 

I 

3801-26979 

5 

4166.  64 

9 

4313,88 

12 

4169.06 

I 

8119-32098 

3 

4319,78 
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Uranium 


—  All  Observed  Lines 


Intensity 

3.ncl 
11  a.  r  a,  c  t  e  x 

Wave- 
length 
in.  A 

Spec- 
trum 

Energy- 
Levels 
m  jtv 

Intensity 

and 
Char  acte  r 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

4325.  90 

3.  0 

4611.44 

9 

4335  73 

I 

0-23058 

22 

4620  23 

6249-27887 

50 

4341. 69 

II 

289-23315 

3.0 

4622.  43 

II 

5260-26887 

11 

4347.19 

II 

915-23912 

19 

4627.  08 

II 

4585-26191 

10 

4354.  55 

17 

4631. 62 

I 

0-21585 

32  h 

4355.  75 

I 

620-23572 

5 

4641. 66 

II 

8394-29931 

32 

4362  05 

I 

0-22919 

18 

4646  60 

IT 

14 

4362.  26 

II 

0-22917 

4 

620-22056 

5 

4362. 93 

II 

4585-27499 

11 

4666.  86 

II 

289-21711 

7 

4371. 76 

I 

8119-30986 

8 

4671. 41 

II 

4585-25986 

12 

4372.  57 

II 

915-23778 

14 

4689. 07 

II 

0-21320 

5 

4372. 76 

I 

0-22862 

3  5 

4700  98 

8 

4373!  41 

II 

1749-24608 

4 

4702.  05 

II 

4706-25968 

4 

4383.  27 

I 

3801-26608 

8 

4702. 52 

II 

2295-23554 

24 

4393. 60 

I 

0-22754 

3.  5 

4715.  68 

I 

4453-25653 

5  d 

4402.  30 

13 

4722. 73 

II 

1749-22917 

4402  44 

10 

4731. 60 

II 

4585-25714 

10 

4415.  24 

II 

0-22642 

3.  0 

4743! 53 

6249-27324 

5 

4426.  68 

II 

4706-27290 

8 

4755.  73 

II 

0-21021 

5 

4426.94 

I 

0-22583 

12 

4756.  80 

I 

620-21637 

8 

4427.  65 

289-22868 

3.  0 

4768.  66 

620-21585 

5 

4433  89 

n 

8394-30942 

6 

4769.  26 

II 

0-20962 

8 

4434.  53 

II 

8 

4772. 70 

II 

2295-23241 

3.0 

4440.  74 

I 

3801-26313 

3.  0 

4778.  10 

11 

4462.  97 

II 

915-23315 

4 

4779.  63 

II 

6445-27361 

5 

4465.13 

2295-24684 

3.  0 

4780.  19 

II 

4 

4469  32 

0-22368 

3  0 

4785. 91 

44 

4472.34 

II 

289-22642 

3.5 

4790.*  06 

I 

3801-24671 

5 

4477.  71 

II 

915-23241 

3.  0 

4810. 90 

I 

3801-24581 

8 

4490.  84 

II 

1749-24010 

4 

4819.  54 

II 

4421-25164 

5 

4510.32 

0-22165 

4 

4842. 48 

620-21265 

1  8 

4515  28 

289-22430 

4847  66 

II 

2295-22917 

5 

4516.  73 

I 

620-22754 

7 

4858.  08 

II 

4585-25164 

14 

4538.19 

II 

1749-23778 

6 

4859.  68 

II 

0-20572 

46 

4543. 63 

II 

915-22917 

8 

4861. 02 

II 

5402-25968 

11 

4545. 58 

2295-24288 

3.  0 

4868.  86 

3801-24334 

3 

4551  98 

620-22583 

3  5 

4883  78 

3.0 

4553.  86 

II 

915-22868 

3.5 

4885.15 

I 

0-20464 

6 

4555.  10 

II 

8394-30342 

2.5 

4886.  33 

II 

5527-25986 

4 

4563. 96 

8 

4899.  29 

II 

915-21320 

7 

4567.  69 

1749-23636 

4 

4910.  35 

6249-26608 

1  n 

X  u 

4569  91 

289-22165 

4913. 16 

II 

2295-22642 

3.0 

4570.  99 

II 

6283-28154 

3.5 

4924!  64 

II 

5667-25968 

12 

4573.  69 

II 

2295-24153 

3.5 

4928.  44 

I 

4276-24560 

4 

4576.  64 

I 

620-22464 

2.  0 

4933.  06 

I 

3801-24067 

4 

4584.  85 

1749-23554 

2.  5 

4933.  66 

II 

4421-24684 

4 

4601.13 

915-22642 

2.5 

4950.  17 

II 

5791-25986 

10 

4603. 66 

2295-24010 

3.5 

4955. 78 

7646-27818 

4 

4605.15 

5791-27499 

3.5 

4967.  33 

3801-23927 

3.0 

4609.  86 

3.5 

4972.  10 

II 

915-21021 

431 


Uranium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

^«  -> 

TT 

X  X 

gi  t;  _2n962 

1  6 

X.  o 

5449  86 

10 

5008.  22 

II 

1749-21711 

5449. 93 

2.0 

5011. 42 

I 

620-20569 

1.6 

5459.  27 

I 

620-18933 

5027  38 

T 

X 

\J        A.  /  \J  \J  ~J 

3  0 

54^,5  AQ 

2  0 

5047  42 

TT 

X  X 

229S  — 22101 

7 

5nf)3  77 

T 

J. 

3«ni  —23544 

R4Rn  2R 

T  T 

1  J. 

2.  0 

5077.  82 

6 

5481.  22 

II 

6445-24684 

3.0 

5085.  86 

II 

915-20572 

4 

5482. 55 

II 

X.  o 

5088  29 

T 

X 

0  —  19648 

1  0 

X,  VJ 

5484  ^2 

A 
w 

5117  25 

3  0 

5487  02 

IT 

X  X 

5791  —2401  0 

_J  /   /X  t.'T'JXU 

5137  05 

2  5 

5488  91 

2.  0 

5145. 10 

II 

6283-25714 

3.0 

5491.  24 

2.5 

5154.  04 

14 

5492.  97 

II 

0-18200 

7 

5160  33 

IT 

X  X 

570-1  —25164 

2  5 

5494  67 

5 

5164  14 

^  J.  \J   t  9   -L.  1 

T 

8119-27478 

WXX/  £_f~fU 

3  0 

5496  43 

I 

X 

4276  —  22464 

5 

5184  59 

IT 

X  X 

5402-24684 

1  4 

x«  -r 

5500  69 

T 

X 

1 1  545  —  29720 

4 

5204.  32 

1.4 

5501.  49 

2.0 

5225.  12 

II 

4421-23554 

3.5 

5504.  15 

II 

6445-24608 

X.  u 

5238  61 

3  0 

5510  44 

1  A 

X.  u 

5247  35 

TT 

X  X 

5402  —24453 

4 

5511  49 

^  ^  X  Xm  "  / 

T 

^20  —  1  87^9 

4 

5247  75 

T  T 

X  X 

4c;qc;  _23^3A 

1  4 

_J-^X^«  ^  / 

4 

5257.  04 

II 

5667-24684 

6 

5527.  85 

II 

1.4 

5272.  00 

I 

7646-26608 

1.4 

5531.  26 

I 

8119-26192 

2  0 

5278  18 

II 

X  X 

5402-24342 

1  4 

5535  80 

A 

5280  38 

I 

X 

0-18933 

2  0 

5538  53 

X.  u 

5288  40 

IT 

X  X 

5402  —  24306 

2  5 

5544  82 

3.5 

5308.  54 

I 

3801-22633 

1.4 

5548.  06 

1.8 

5310.  04 

2.5 

5551.  44 

II 

6445-24453 

5311  88 

TT 

X  X 

4421  —23241 

1  6 

X«  U 

5552  62 

II 

X  X 

6283  —  24288 

1  4 

X,  1- 

531 2  73 

TT 

X  X 

57Q1  —24608 

14  h 

5555  77 

X.  u 

531 5  27 

T 

7646  —  26454 

2  0 

5557  90 

IT 

X  X 

579-1  —23778 

1.8 

5319.  38 

6 

5564.  17 

I 

3801-21768 

1.4 

5321.  60 

II 

5667-24453 

3.5 

5570.  68 

^  J  C  1  ^  IX 

1  ? 

X.  c 

5573  07 

T 

X 

1  0347  —  28286 

3  5 

5329  26 

T 

X 

0—18759 

1  0 

Xa  \J 

5573  59 

I 

X 

6249-24186 

1  8 

X.  o 

5349  92 

1  8 

X  »  u 

5580  82 

II 

X  X 

5402  —  23315 

1.  6 

5362.  40 

2.5 

5581. 23 

1.6 

5363.  82 

II 

5667-24306 

4 

5581. 61 

II 

289-18200 

1  0 

X.  u 

5587  19 

X.  u 

5373  45 

2  5 

5597  38 

II 

X  X 

6445-24306 

1  n 

X.  u 

^"^82  94 

T 

X 

^20  —  1  91  92 

2  0 

5602  91 

IT 

X  X 

6445-24288 

1.0 

5385.  54 

I 

7646-26209 

1.2 

5603.  99 

5 

5386.  21 

II 

1.2 

5608.  86 

X,  u 

J  ^  \J  /  %  \J\J 

5 

5610  89 

^  UX  VJ  p  u  / 

I 

X 

6249-24067 

54nil  9^ 

T  T 

X  J. 

5402  —  23912 

1  2 

X.  t. 

5616  58 

I 

X 

8119-25918 

WX  X  /         ^  -J  /  J-  \J 

5403  20 

5 

5620  78 

I 

620-18406 

2.0 

5406.  00 

II 

8394-26887 

2.5 

5621.  51 

I 

3801-21585 

DHX  U.  t.^ 

T 
1 

4276  —  22754 

1  2 

X.  ^ 

5A28  02 

TT 

±  X 

5791  — 2'?5^4 

1.0 

5423. 35 

1.2 

5629.  46 

3.0 

5444.  48 

II 

5791-24153 

1.2 

5632. 47 
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Energy 

111  i\. 

Intensity 
and 

Wave- 
length 
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Energy 
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2.  5 

5634.  38 

I 

7646-25389 

1.  6 

5828.  02 

0.  8 

5636.  80 

1.  6 

5832.  39 

1.  2 

h 

5638.  00 

4 

5836.  08 

I 

10347-27478 

1.  2 

5640.  33 

5 

5837.  71 

II 

4585-21711 

0.  8 

5644.  25 

1.  0 

5839.  05 

0.  8 

5648.  38 

1.  6 

5841. 84 

2.  0 

5653.  79 

2.  0 

5843.  29 

II 

6445-23554 

2.  0 

5654.  41 

II 

4421-22101 

1.0 

5843.  92 

1.  6 

5658.  26 

I 

5762-23430 

3.  0 

5845.  27 

1.2 

h 

5664.  86 

1.  0 

5852.  03 

2.  5 

5669. 42 

620-18254 

2.  5 

5853.  93 

0.  8 

5674  88 

1  0 

5859. 19 

1.  2 

5680.  37 

I 

6249-23849 

0.  6 

5863.  43 

1.  6 

5683. 33 

3.  0 

5870.  95 

II 

5402-22430 

1.2 

5685.  19 

I 

4453-22038 

1.  0 

5886.  95 

3.  5 

5691. 39 

II 

6445-24010 

2.  0 

5895.  33 

2.  0 

5704.  07 

1  8 

5898  78 

I 

6249-23197 

1.  0 

5705!  66 

2.0 

5902.  50 

1.  8 

5706.  99 

20 

5915. 40 

I 

0-16900 

1.0 

5709. 49 

2. 0  h 

5925. 47 

I 

7646-24517 

1.  8 

5716.  87 

4453-21941 

1.  8 

5929.  33 

I 

3801-20662 

1.  0 

5722. 23 

1.  4 

5932. 44 

II 

5791-22642 

3.  5 

5723!  63 

II 

6445-23912 

1.4 

5933. 85 

I 

620-17468 

2.  0 

5733.  26 

0.  9 

5934.  46 

2.0 

5736.  38 

I 

7006-24433 

0.  9 

5942.  77 

I 

5762-22584 

2.  0 

5737.  27 

5762-23187 

1.  2 

5948.  57 

I 

7646-24452 

1.  8 

5748. 13 

1.  8 

5952.  05 

II 

6445-23241 

1.  0 

5748.  47 

1.8 

5956.  86 

I 

5991-22774 

1.  8 

5750.  54 

5 

5971. 50 

I 

620-17362 

2.0 

5758.  14 

I 

0-17362 

9 

5976. 32 

I 

3801-20529 

1.  0 

5758.  35 

4276-21637 

2.5 

5986.  10 

I 

3868-20569 

0.  8 

5761  88 

4 

5997.  31 

I 

6249-22919 

1.  0 

h 

5763.  63 

I 

7326-24671 

1.4 

5997. 96 

I 

4276-20943 

1.  0 

h 

5765.  41 

2.  0 

5999.  41 

I 

3801-20464 

1.0 

5767.  43 

I 

5991-23325 

1.  8 

6000.  20 

1.  0 

5771. 05 

6249-23572 

1.  8 

6004.  83 

1.  0 

5776.  90 

1-  8 

6008  87 

1.  0 

5777!  81 

1.8 

6010.  86 

I 

10347-26979 

6 

5780.  59 

I 

6249-23544 

1.  8 

6014.  07 

2.0 

5788.  59 

II 

6283-23554 

0.  9 

6016.  73 

I 

5762-22378 

2.  0 

5791. 77 

2.  5 

6017.  39 

II 

4706-21320 

1.  0 

5796.  54 

1.  8 

6017.  57 

I 

6249-22862 

6 

5798!  55 

1.4 

6019. 19 

I 

4453-21062 

3.5 

5802. 11 

I 

8119-25349 

2.  0 

6028.  13 

1.  0 

5805.  20 

0.  6 

6035.  54 

1.8 

5811. 29 

1.  8 

6039.  60 

I 

8119-24671 

1.0 

5813. 83 

I 

5991-23187 

0.  8 

6050.  48 

I 

3868-20392 

0.8 

5814.  41 

3868-21062 

0.  8 

6050.  67 

I 

7326-23849 

1.0 

5816.  79 

5 

6051. 74 

0.  8 

5819.  01 

I 

7006-24186 

1.4 

6056.  80 

I 

0-16506 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

1.  ^ 

bUD  /.  U  / 

OCH7  —  C.C.  1  OH 

1.  u 

AAOA  QQ 
bHCH,  07 

T  T 

1 1 

c/ino  onoAO 

1.6 

6059.  73 

II 

5667-22165 

0.7 

6430.  93 

1.6 

6062.30 

I 

4276-20766 

0.4 

6448.  04 

A 

H 

oUo /. 

1  n 
1  u 

AAAQ   1 7 

T 
1 

AO n     1  AT  OO 

b^U  —  Ibl^:^: 

Q 
O 

faU  /  /. 

Aon    1 7n7n 

1  n 
3.  u 

c^AU^  nn 
b'tbb.  uU 

T 
1 

710A  007Qn 
/  JCb  —  £.£.  /  7U 

bUo  /.  ^4 

T  T 
1  1 

OHHD —  CdOOO 

U.  H 

AA7n  c;c; 

bH  /  U.  _5D 

1.4 

6089.  19 

3801-20219 

0.4 

6481. 72 

1.6 

6101.  77 

6249-22633 

0.4 

6485.  38 

n  D 
U.  o 

biiU.  vi 

n  n 

AAfifi  It; 

1.  4 

bi^  /.  /  / 

Oil7  —  CHHS>J 

n  /I 

U.  H 

AAQR  It; 

bi/iv.  //I 

Aon    1  ^.Qin 

1.  H 

At;ni  AO 
bDU^.  b^: 

A'il   1  QAAH 

He.  1  b  —  X  TbHo 

1.8 

6132.  61 

0.4 

6506.  32 

0.8 

6138.  54 

1.4 

6518.  94 

6249-21585 

U.  o 

/T  CO    o C 

bib^:.  ^iD 

1  ni/i  7    0  ac;q7 
1U34  /  —  C.OD7  1 

n  A 

U.  H 

Ac;on  QR 
bocKi,  70 

n  "7 

bib4.  3U 

710^  Oic;/!/! 

n  A 
u.  b 

Ac;OA  nH 
b-)<ib.  Uo 

1.  4 

bib4.  /  / 

n  A 

Ai;07  OA 
bD^  /.  UH 

£;7A0  _  01  n7Q 
D / be  —  ^X  U / 7 

3.5 

6171. 85 

7646-23844 

0.4 

6534.  60 

3.0 

6175.  38 

4276-20464 

1.0 

6535.  46 

U.  / 

bioi.  i  1 

T  T 
1  1 

u.  b 

L^C.'lL,  CO 

bD^b.  Do 

T  T 

i;AA7  _  onQAO 
DDD  /  —  ^U7u^ 

1.  4 

b^liD.  ^  / 

lOm      1  QQQc; 
^OUl — 1 700D 

n  B 

AC^AO  Q7 

71  nA  —OOIRI 

T  /I 

1.  4 

/I07A    onn  0 

u.  b 

OjH7.  oO 

1.4 

6246.  53 

J 

5762-21766 

0.3 

6552.  75 

I 

7326-22583 

1.4 

6254.22 

II 

6445-22430 

1.2 

6555.  01 

1.  2 

b/ibo.  bb 

Oll7  —  CHUb  1 

n  A 
u.  b 

bDD / . Do 

1.  0 

7Q     ^  /I 

b2 /v.  OH 

T  T 
11 

D  /  7i  —  ^ll  /  11 

n  1 
u.  3 

ARQO  7Q 
bDo<l.  Io 

2.  b 

b^oU.  /:U 

T  T 
11 

t;/i  no    o^  ion 

u.  b 

Ac;Q7  RI 
DDO / . Oj 

0.  6 

6291. 48 

0.9 

6590.  05 

II 

5402-20572 

1.2 

6292. 03 

0.4 

6601.46 

1.  8 

/  O Ql     1 O 

/.on    1  ^.cnA 
biiU  —  IbbUb 

n  o 

AAnO  AS 

bbu^. bo 

1.  6 

^obO  — 17 / 

u.  O 

AAfT^  1^ 

1.  2 

bice,  J  1 

n  Q 

U.  7 

DDUJ.  70 

710A  —  99dAA 

0.  8 

6330.  77 

2.5 

6620.  52 

I 

620-15721 

0.6 

6336.  55 

2.5 

6621. 77 

0.  6 

^  1  /I  ^     O  7 

1.  u 

AAOO  RO 

2.  5 

6359.  iCo 

T 
1 

n    1  c:70i 
U  —  lb  /<il 

1  n 

1.  u 

AAOc;  OQ 

D  /  Ot  —  c.\jODC 

b 

bi  1  L,  HI 

T 
1 

IQm      1  Q/IQQ 
^OUl  —  1  7'tC>7 

n  A 

U.  D 

AA7R  Al^ 

DD^O.  OD 

0.5 

6373.  01 

0.8 

6647. 79 

1.0 

6374.  78 

0.8 

6656. 81 

620-15638 

0.  5 

'2  "7  C     Q  O 

U.  H 

AA71  OQ 

2.  5 

o37o.  56 

1.  4 

AA7A  QO 
bb  /  b.  7^ 

2.  0 

^  1  7Q     ^  /I 

63  /7.  b4 

n  cl 

U.  4 

AAR1    1 ^ 
DOOi..  X  D 

0.7 

6383.  59 

I 

4453-20114 

1.8 

6683.38 

I 

3801-18759 

1.0 

6386.8 

0.4 

6691.  21 

10686-25627 

2.  0 

^1 OQ ' on 
b3o7.  oU 

T 
1 

CQQl         01  A17 

D77l  — (ilb3  / 

U.  H 

D  /  U  U.  OJJ 

0.  5 

6391.  32 

n  A 

A7m  AR 

2.  5 

6392.  /o 

T 
1 

n    1  c^.iQ 
U  — lDb3o 

n  o 

A7n7 

D  /  U  /  ,  D  y 

8 

6395.45 

I 

0-15632 

0.  8 

6710.  57 

1.  6 

637  /.  io 

T 
1 

7nn^  OOA11 
/  uub  —  c.c.bjj 

1.  ^ 

A71  7 

0.7 

6400.  36 

II 

5402-21021 

0.8 

6720.  84 

II 

6445-21320 

0.  8 

6411.59 

I 

7326-22919 

0.  8 

6726.  89 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Energy 
Levels 
in  K 

0.4 

6727.  96 

I 

5762-20621 

1.0 

7371.  95 

I 

5991-19552 

1.4 

AT'^A  fin 

7*^70  7(1 
1  J  1       / U 

T  T 
1  X 

0.4 

6742.47 

1.0 

7390.99 

6754.  93 

I 

8119-22919 

1.0 

7392.11 

0.4 

6768.  64 

3.0 

7396.  99 

I 

4453-17969 

0.  6 

6771. 03 

1.0 

7416.  57 

0.  8 

oil  D.  07 

/  HCD,  DU 

T 
X 

U  —  LjHOj 

0.4 

6780.  62 

2.5 

7454.  03 

0.4 

6782. 70 

1.0 

7510.98 

0.4 

6782.  85 

I 

4453-19192 

1.0 

7517.  41 

2.0 

6790.30 

I 

7646-22368 

2.0 

7528.  70 

0.4 

6796.  46 

10 

7533.91 

I 

3801-17070 

0.4 

d 

6808.  76 

2.5 

7550.  23 

0  2 

6812.  98 

I 

4453-19127 

1.6 

7580. 91 

0.4 

d 

6813.  75 

0.7 

7587.55 

6813. 81 

1.0 

7590.  54 

I 

5762-18933 

1.0 

00±  O.  ^  7 

T 
X 

1  n 

X.  u 

7RQ^  07 

T 
X 

1  (lAfiA  — 

XUOOD 

3.5 

6820.  76 

I 

4276-18933 

0.8 

7600.  27 

1  2 

6824.  56 

2.0 

7609.16 

I 

7326-20464 

14 

6826.  93 

I 

0-14644 

3.5 

7619.35 

I 

7646-20766 

0.6 

6832.  71 

I 

7006-21637 

1.6 

7621. 95 

1.0 

Afi/IA  9^ 

T 
X 

9 

' ojx,  1 X 

T 
X 

"^fidi  —1  AQnn 

^OUX  —  XDvUU 

2.5 

h 

6869.  07 

1.6 

7634.  73 

I 

7326-20420 

5 

6876.  75 

3.0 

7639.  54 

I 

4276-17362 

1.2 

6887.  74 

I 

8119-22633 

0.  8 

7653. 61 

1.0 

6902. 55 

I 

4276-18759 

0.8 

7668.  73 

1.2 

T 
X 

'^1(^9  —9091  9 

n  a 

7AAQ  ftQ 

f  \J\J/ m  U  / 

2.5 

6917.  05 

I 

3801-18254 

1.6 

7748.19 

I 

11545-24448 

6948.  58 

II 

1.6 

7754.19 

I 

7326-20219 

1.2 

6987.  72 

\ 

1.6 

7759.  87 

I 

7646-20529 

1.2 

7015. 72 

I 

8119-22368 

2.5 

7761. 86 

I 

7006-19885 

3.0 

7784  1 

T 

X 

1.2 

7030.  69 

1. 6  h 

7802.  40 

7033. 84 

I 

10347-24560 

1.6 

7816.32 

I 

13128-25918 

1.2 

7073. 61 

0.7 

7832. 05 

5 

7074. 81 

I 

4276-18406 

0.5 

7835.  71 

2.5 

/  UO^.  XX 

9  n 

78*^7  71 

/ OJ 1 m  /X 

6 

7101. 63 

I 

4453-18531 

2.0 

7844.  71 

7 

7128.  91 

I 

620-14644 

3.0 

7868.  75 

I 

3801-16506 

1.0 

h 

7130.  09 

I 

5762-19783 

3.0 

7875.  38 

3.5 

7147.89 

I 

10347-24334 

11 

7881.  94 

I 

6249-18933 

2.0 

71  AZl  fi7 
/  X  OH,  O  / 

T 
X 

HHD  J  —  XO*tUD 

9  n 

79nn  4"? 

T 
X 

1.0 

7172. 10 

I 

7326-21265 

1.4 

7904.  29 

I 

8119-20766 

2.0 

7183.  47 

1.4  h 

7908.  00 

I 

7006-19648 

2.0 

7194.  63 

2.0 

7918.  80 

I 

4276-16900 

1.  0 

7196.  66 

1.4 

7959.  96 

I 

7326-19885 

1.0 

7205.  45 

I 

10686-24560 

3.0 

7963. 97 

1.6 

7210.29 

I 

6249-20114 

4 

7970.  46 

I 

8119-20662 

1.6 

7218.  04 

0.7 

7974. 66 

3.5 

7254.  47 

2.0 

7975.  09 

I 

5991-18527 
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Uranium 


—  All  Observed  Lines 


Intensity 
3.nd 

C^,\^  Pi  V  ^  Cf  R  V 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
T  jP  vpl  ^ 
in  K 

Intensity 

Wave- 

ICIl  y  LXi 

Spec- 
trum 

Energy 
Levels 
m  is. 

0.  7 

7975. 47 

1.  4 

8357.  07 

2.  0 

7976.  88 

II 

4 

8381. 86 

I 

7006-18933 

1.4 

7991.  30 

I 

6249-18759 

1.6 

8387.16 

2.  0 

7998.  60 

I 

13128-25627 

2.  5 

8389. 17 

I 

5991-17908 

0.  7 

8012.  96 

I 

4453-16930 

1.  6 

8396. 76 

'  1.  2 

8019.  38 

I 

7006-19472 

0.  8 

8402. 58 

2.  0 

8034.  79 

I 

10347-22790 

3.  5 

8441. 20 

I 

7646-19489 

0.7 

8040.  10 

8 

8445.  35 

I 

3801-15638 

1.  4 

8055. 60 

I 

8119-20529 

4 

8450.  03 

I 

3801-15632 

2.  0 

8065. 47 

1.  6 

8496.  09 

I 

8119-19885 

0.  7 

8065. 84 

1.  6 

8504.  70 

II 

6445-18200 

2.  0 

8074.  03 

2.  5 

8540.  20 

I 

5762-17468 

2.0 

8097.  62 

0.  8 

8542.  32 

1.2 

8126.  23 

1.  6 

8557. 34 

I 

10686-22368 

1.4 

8137.  21 

I 

10347-22633 

1.  6 

8567.  73 

I 

4453-16122 

1.  4 

8153. 71 

I 

13128-25389 

3.  5 

8570.  51 

I 

8119-19783 

3.  5 

8174.  30 

I 

4276-16506 

1.  6 

8574.  61 

I 

6249-17908 

1.4 

8175.  85 

I 

0-12228 

17 

8607. 94 

I 

0-11614 

2.  0 

8188.  20 

0.  8 

8618.  96 

1.4 

8210.  27 

2.  0 

8641. 12 

1.  4 

8230. 83 

I 

5762-17908 

1.  6 

8659.  52 

0.  7 

8240.  51 

I 

5762-17894 

5 

8691. 28 

4 

8262.  05 

I 

8119-20219 

1.0 

8702.  08 

0.  8 

8307.  56 

4 

8710.  77 

I 

5991-17468 

1.  6 

8310.  61 

4 

8753.  69 

I 

10347-21768 

3.5 

8318.  34 

7 

8757.  75 

1.4 

8329.  73 

1.8 

8787.  37 

3.5 

8337.  46 

2.0 

8816.  56 

2.5 

8346.  74 

I 

5991-17969 

436 


VANADIUM 


V,  Z=23,  M=50.95,  Ratio  7^=0.802 


V  I  Normal  state  of  valence  electrons  Sd^4s^  *Fik=0.    I.P.=  54361  K 

V  11  Normal  state  of  valence  electrons  3(^*     ^Dq  =0.    I.P.  =  1 18200  K 
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Relative  intensity  of  vanadium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  vanadium 


Strong  lines  of  vanadium 


Intensity 


Wavelength 
A 


950 

4379. 

24 

700 

3183. 

98 

700 

4111. 

78 

550 

4384. 

72 

600 

3093. 

11 

500 

3185. 

40 

420 

3183. 

41 

400 

3102. 

30 

400 

3703. 

58 

380 

4389. 

97 

360 

4408. 

51 

340 

3110. 

71 

340 

4115. 

18 

320 

2908. 

82 

320 

2924. 

02 

320 

3066. 

38 

320 

3855. 

84 

280 

3840. 

75 

280 

4395. 

23 

280 

4408. 

20 

260 

3118. 

38 

240 

4128. 

07 

240 

4132. 

02 

220 

2924. 

64 

220 

4099. 

80 

220 

4105. 

17 

220 

4407. 

64 

Spectrum 


II 
II 

II 


II 
II 


II 


II 


Energy  levels 

k 


2425-25254 
323-31722 
0-31398 
2425-26738 
2311-25112 

3163-35483 
553-31937 
137-31541 
2968-35193 
2425-29418 

2220-24993 
2153-24830 
2112-24789 
2809-34947 
2311-26605 

3163-37531 
3163-37352 
553-33155 
553-26480 
323-26353 

2153-24899 
2220-24899 
2687-34746 
2220-26438 
2311-26506 

2968-37151 
2220-26605 
2153-26506 
2311-24993 


Term  combination 


3d*  4si  o 
3d3  4s2  a  ^FsH- 
3d3  4s2  a  *Fiy- 
3d'  4si  a 
3d*  4si  a 


-3d*  4pi 
-3d^  4si  ' 
-3#  4s'  ' 
-3d*  4pi 
-3d*  4pi 


3d3  4si  a  5F5  —3d^  4p 
3d^  4s2  a  *F4y,    -  "  - 
3d3  4s2  a  *F2y, 
3d^  4si  a  5F4 
3d*  4si  a 


3d^  4si  4pi 
3d^  4p' 
3d3  4si  4pi 


3d*  4si  a 

3d*  4si  a  ^Biy- 

3d*  4si  a 

3d3  4si  a  - 

3d*  4si  a 

3d3  4si  a  5F5  - 
3d'  4si  a  J^Fs  - 
3d'  4s2  a  *Fiy,- 
3d'  4s2  a  *F4H- 
3d'  4s2  a  *F3y,- 

3d*  4sia6Dij^- 
3d*  4s>  a  »B2y,- 
3d'  4si  a  «F2  - 
3d*  4si  a  6D2K- 
3d*  4si  a  oDsK- 

3d'  4si  a  5F4  - 
3d*  4s'  a  ^Dm- 
3d*  4si  a 
3d*  4s'  a  "DsK- 


y 

X 

X 

y 

y 

z 

^Gi 

X 

*Gly^ 

X 

*G3H 

z 

y 

y 

'ny. 

y 

y 

z 

y 

-3d*  4pi 
-3d*  4pi 
-3d*  4pi 
-3d'  4pi 
-3d*  4pi 


-3d'  4p'      z  5D| 
-3d'  4pi      2  sFl 
-3d'  4s'  4pi  w  *F\y, 
-3d*      4p'  2/  *D3h 
-3d*      4pi  " 


y 


*D 


2H 


-3d*  4pi 
-3d*  4pi 
-3d'  4pi 
-3d*  4pi 
-3d*  4p' 

-3d'  4p' 
-3d*  4pi 
-3d*  4p' 
-3d*  4pi 


y 

y 

z 

'G3 

y 

y 

z 

5F5 

y 

y 

y 

«F5>^ 

609065  O  -  62  -29 
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Vanadium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spc  c- 
t  rum. 

Energy 
Levels 
in  K 

5 

2092. 44 

553-48329 

14 

2549.  28 

II 

11908-51123 

2.  5 

2384.  00 

II 

8842-50775 

16 

2552.  65 

I 

137-39300 

2.  5 

2384. 28 

0-41928 

12 

2552. 96 

II 

13609-52767 

4 

2386.  96 

J 

10892-52774 

5 

2553.  67 

II 

11515-50662 

4 

2388.  92 

I 

11101-52948 

7 

2554.  86 

I 

137-39267 

5 

2390.  87 

I 

137-41950 

5 

2558.  90 

I 

323-39391 

5 

2391. 26 

\ 

2220  —  44026 

28 

2562. 13 

I 

323-39342 

6 

2392. 90 

2425-44203 

10  h 

2564.  23 

I 

15265-54251 

5 

2397. 78 

I 

553-42246 

15 

2564.  82 

I 

323-39300 

5 

2398.  27 

J 

553-42237 

5 

2568.  39 

I 

5 

2399.  96 

I 

0-41655 

30 

2574.  02 

I 

553-39391 

10 

2406.  75 

323  —  41861 

6 

2511.  29 

I 

553-39342 

9 

2407.  90 

\ 

137-41655 

12 

2620.  29 

I 

8716-46868 

8 

2412.  69 

J 

323-41758 

19 

2630.  67 

II 

14656-52658 

6 

2413. 03 

J 

0-41429 

5 

2640.  69 

I 

9825-47683 

11 

2415.33 

I 

0-41389 

17 

2642.  21 

II 

14556-52392 

11 

2416.  75 

\ 

553  —  41918 

6 

2643. 16 

I 

137-37960 

8 

2417.  35 

137-41492 

6 

2644.  36 

II 

34746-72551 

9 

2420.  12 

I 

553-41861 

20 

2645.  26 

I 

323-38116 

9 

2421. 06 

I 

137-41429 

11 

2645.  84 

II 

14462-52246 

9 

2421. 98 

I 

323-41599 

12 

2647.  71 

I 

0-37757 

4 

2423. 38 

137-41389 

19 

2651.  90 

I 

137-37835 

11 

2428.  28 

\ 

323-41492 

6 

2652.  92 

I 

15265-52948 

8 

2432. 02 

J 

323-41429 

6 

2653.  83 

I 

15104-52774 

12 

2435.  52 

J 

553-41599 

7 

2655.  68 

II 

35193-72837 

6 

2439.  10 

I 

553-41539 

20 

2656.  22 

I 

323-37960 

4 

2441. 89 

553  —  41492 

4 

2658.  98 

II 

14656-52253 

9 

2479. 05 

II 

13543-53869 

4 

2659. 61 

II 

17911-55499 

6 

2479.  52 

II 

13609-53927 

24 

2661.  42 

I 

553-38116 

6 

2482.  31 

II 

11908-52181 

4 

2665.  96 

I 

0-37499 

18 

2501.  61 

I 

0-39962 

4 

2671. 67 

I 

137-37556 

8 

2503.  02 

II 

8640-48580 

38 

2672. 00 

T  T 

II 

107-37521 

10 

2503. 30 

0-39935 

5 

2673.  23 

II 

9 

2506.  22 

II 

8842-48731 

50 

2677.  80 

II 

36-37369 

20 

2506.  90 

0-39878 

36 

2678.  57 

II 

209-37531 

32 

2507.  78 

I 

137-40001 

50 

2679.  32 

II 

209-37521 

24 

2511.  65 

323-40126 

24 

2682.  87 

T  T 

II 

107  —  37369 

24 

2511. 95 

{ 

137-39935 

24 

2683.  09 

II 

0-37259 

10 

2514.  64 

II 

9098-48853 

6 

2685.  14 

I 

9637-46868 

9 

2515. 15 

137-39884 

9 

2685.  69 

II 

36-37259 

24 

2517.14 

I 

323-40039 

6 

2686.  36 

I 

9637-46851 

32 

2519.  62 

323-40000 

2686.  51 

I 

553  —  37765 

55 

2526.  22 

} 

553-40126 

140  . 

2687.  96 

II 

339-37531 

28 

2527.  90 

II 

12706-52253 

22 

2688.  72 

II 

339-37521 

16 

2528.  47 

II 

12545-52083 

20 

2689.  88 

II 

36-37201 

20 

2528.  84 

II 

12622-52154 

30 

2690.  24 

II 

209-37369 

?530  18 

553  —  40064 

32 

2690.  79 

II 

107-37259 

4 

2534.  52 

II 

11296-50739 

16 

2696.  99 

I 

10893-47960 

8 

2545.  98 

0-39267 

16 

2697.  74 

I 

11101-48158 

8 

2548.  69 

II 

11515-50739 

6 

2698.  73 

I 

9825-46868 
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Vanadium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

^T*^  mm 

L  J.  LIXI I 

Energy 
Levels 
in  K 

4 

2699.11 

I 

9825-46863 

14 

2847.  57 

II 

20242-55350 

90 

2700. 94 

II 

339-37352 

9 

2848.  77 

I 

0-35092 

50 

2702.  19 

II 

209-37205 

4 

2849.  05 

II 

13491-48580 

6 

2705.  22 

II 

0-36955 

9 

2849. 18 

I 

137-35225 

70 

2706. 17 

II 

209-37151 

10 

2850.  69 

II 

22274-57343 

2850.  77 

II 

14656-49724 

20 

2706.  70 

II 

107-37041 

14 

2707.  86 

II 

36-36955 

18 

2852.  87 

I 

13802-48845 

22 

2711. 74 

II 

339-37205 

18 

2854.  34 

II 

20280-55304 

8 

2713. 05 

II 

107-36955 

26 

2855.  22 

I 

0-35013 

16 

2714.  20 

II 

209-37041 

8  h 

2857.  94 

I 

9637-44617 

85 

2715.  69 

II 

107-36919 

24 

2859.  97 

I 

137-35092 

20 

2722.  56 

I 

10893-47612 

32 

2864.  36 

I 

323-35225 

4 

2723. 22 

II 

209-36919 

10 

2866.  42 

I 

9825-44701 

32 

2728.  64 

II 

36-36674 

22 

2866.  59 

I 

15104-49978 

24 

2731.35 

I 

11101-47702 

28 

2868. 10 

I 

15265-50121 

5 

2733. 90 

II 

107-36674 

18 

2869.13 

II 

20363-55207 

13 

2739.  71 

II 

0-36489 

4 

2869.  96 

II 

2687-37521 

12 

2742.  41 

II 

36-36489 

28 

2870.  55 

I 

553-35379 

4 

2742. 67 

II 

3163-39613 

14 

2877.  69 

II 

14462-49202 

8 

2747.48 

II 

19113-55499 

14 

2879. 16 

II 

2809-37531 

19 

2753.  40 

II 

19192-55499 

46 

2880.  03 

II 

2809-37521 

8 

2760. 12 

II 

13512-49731 

50 

2882.  50 

II 

2687-37369 

12 

2760.  70 

II 

19192-55403 

50 

2884.  78 

II 

2605-37259 

18 

2765.  67 

II 

12706-48853 

19 

2888.  25 

II 

14656-49269 

8 

2766.  46 

II 

13595-49731 

50 

2889.  62 

II 

2605-37201 

11 

2768.  56 

II 

12622-48731 

120 

2891. 64 

II 

2687-37259 

6 

2773. 68 

I 

11101  -47143 

70 

2892. 44 

II 

2968-37531 

12 

2774.  28 

II 

12545-48580 

120 

2892.  66 

II 

2809-37369 

6 

2774.  72 

II 

19113-55142 

190 

2893. 32 

II 

2968-37521 

6 

2775.  76 

II 

19192-55207 

8 

2894.  58 

I 

0-34537 

18 

2777.  73 

II 

13742-49731 

48 

2896.  21 

II 

2687-37205 

7 

2783.  78 

I 

13811-49723 

12 

2899.  20 

I 

137-34620 

3.  5 

2785. 54 

I 

14515-50404 

15 

2899.  60 

I 

0-34477 

7 

2785. 69 

I 

13802-49689 

48 

2903.  08 

II 

2605-37041 

9 

2797.  02 

II 

16341-52083 

8 

2903. 70 

I 

0-34429 

10 

2797.  80 

II 

16422-52154 

11 

2904.  13 

I 

323-34747 

11 

2798.  76 

II 

16533-52253 

20 

2906.  13 

I 

137-34537 

12 

2799.  45 

II 

13491-49202 

120 

2906.  46 

II 

2809-37205 

12 

2802.  80 

II 

13543-49211 

65 

2907.  47 

II 

2968-37352 

16 

2803. 47 

II 

13609-49269 

6 

2908.  44 

II 

20343-54716 

4 

2805.  54 

II 

18294-53927 

320 

2908.  82 

II 

3163-37531 

12 

2810. 16 

II 

18294-53869 

95 

2910.  02 

II 

2687-37041 

12 

2810.  27 

II 

18354-53927 

70 

2910.  39 

II 

2605-36955 

8 

2817.  50 

II 

18269-53751 

75 

2911. 06 

II 

2809-37151 

8 

2836.  52 

II 

13609-48853 

7 

2914.  30 

I 

16573-50876 

4 

2838.  06 

I 

0-35225 

50 

2914. 93 

I 

323-34620 

8 

2841. 04 

II 

13543-48731 

I 

16729-51026 

4 

2844. 93 

I 

14549-49689 

8 

2915.  33 

I 

137-34429 

6 

2845.  24 

II 

20363-55499 

6  h 

2916.  02 

I 

10893-45176 

16 

2846.  57 

I 

16 

2917.37 

II 

2687-36955 
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Vanadium  —  All  Observed  Lines 


Intensity 
and 
Character 

Wave- 
length 
in  A 

SpG  C- 

trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spe  c- 
trum 

Energy 
Levels 
in  K 

8 

2917.  93 

I 

11101-45361 

9 

3031. 01 

I 

10893-43875 

T  T 

II 

2968  —  37205 

36 

3033. 45 

II 

20363-53320 

50 

2920.  38 

II 

2687-36919 

38 

3033. 82 

II 

14656-47608 

95 

2923.  62 

I 

553-34747 

6 

3041. 42 

II 

16341-49211 

320 

2924.  02 

II 

3163-37352 

12 

3042. 26 

II 

16341-49202 

220 

2924.  64 

II 

2968-37151 

30 

3043.  12 

I 

137-32989 

8 

2926.  26 

I 

323  —  34487 

30 

3043.  56 

I 

0-32847 

7 

2930.  13 

II 

14462-48580 

30 

3044. 94 

I 

323-33155 

95 

2930.  81 

II 

2809-36919 

30 

3048.  22 

II 

20280-53077 

9 

2932. 32 

II 

20623-54716 

12 

3048. 89 

II 

16422-49211 

28 

2934.  40 

II 

2605-36674 

6 

3050.  40 

I 

11101-43874 

15 

2935.  87 

I 

323  —  34375 

22 

3050.  89 

I 

0-32768 

12 

2937.  69 

I 

137-34168 

9 

3052.  19 

I 

137-32891 

4  h 

2938.  25 

II 

14556-48580 

24 

3053.  39 

II 

14556-47297 

120 

2941. 37 

II 

3163-37151 

60 

3053. 65 

I 

0-32738 

60 

2941. 49 

II 

2687-36674 

9 

3053. 89 

II 

16533-49269 

30  d 

2942. 33 

I 

553—34530 

160 

3056.  33 

I 

137-32847 

2942.  35 

I 

0-33976 

190 

3060.  46 

I 

323-32989 

30 

2943.  20 

I 

0-33967 

19 

3063.  25 

II 

20242-52878 

140 

2944.  57 

II 

2968-36919 

320 

3066.38 

I 

553-33155 

15 

2946.  53 

I 

137-34066 

26 

3067.12 

II 

14462-47056 

8 

2949.  17 

T  T 

II 

22274-56171 

18 

3069.  64 

I 

323—32891 

30 

2949.  63 

I 

137-34030 

22 

3073.82 

I 

323-32847 

40 

2950.  35 

II 

2605-36489 

13 

3075.  27 

I 

15104-47612 

85 

2952.  08 

II 

2809-36674 

20 

3082.11 

I 

553-32989 

16 

2954.  33 

I 

137-33976 

6 

3087.  06 

I 

9545-41928 

12 

2955. 80 

I 

553-34375 

12 

3088. 11 

I 

9637  —  42010 

11 

2957.  33 

I 

323-34128 

6 

3089.13 

I 

9637-41999 

34 

2957.  52 

II 

2687-36489 

500 

3093.  11 

II 

3163-35483 

55 

2962.  77 

I 

323-34066 

26 

3094.20 

II 

16422-48731 

80 

2968.38 

II 

13742-47420 

7 

3094. 69 

I 

9545-41848 

16 

2972. 25 

II 

19133-52767 

O  /I 

24 

3100.  94 

T  T 

II 

16341  —  48580 

6 

2974.  22 

I 

9637-43249 

400 

?102.  30 

II 

2968-35193 

12 

2975.  65 

II 

13512-47108 

340 

3110.  71 

II 

2809-34947 

16 

2976.  20 

II 

13512-47102 

12 

3113.57 

II 

23391-55499 

50 

2976.  52 

II 

13595-47181 

260 

3118.38 

II 

2687-34746 

32 

2977.  54 

I 

553-34128 

10 

3120.  73 

II 

oA/oo  r"A/iro 

20623  —  52658 

8 

2981.  20 

II 

19166-52700 

50 

3121.14 

II 

3163-35193 

12 

2988.  02 

II 

13595-47052 

20 

3122. 90 

II 

23391-55403 

6 

2989.  60 

II 

13742-47181 

200 

3125.28 

II 

2605-34593 

10 

2994.  54 

II 

30673-64057 

34 

3126.22 

II 

2968-34947 

10 

2996.  00 

II 

13512-46880 

70 

3130. 27 

T  T 

II 

2809  —  34746 

6 

2999.  24 

I 

9637-42969 

55 

3133.33 

II 

2687-34593 

34 

3001.  20 

II 

13742-47052 

28 

3134.93 

II 

20363-52253 

12 

3003. 46 

II 

13595-46880 

20 

3136.51 

II 

20280-52154 

6 

3008.  61 

II 

13512-46740 

20 

3139.74 

II 

20242-52083 

12 

3013.10 

II 

13512-46690 

26 

3142.48 

II 

17911-49724 

18 

3014.  82 

II 

13595-46755 

20 

3145.34 

II 

3163-34947 

10 

3016.16 

I 

9825-42969 

7 

3145.97 

II 

2968-34746 

24 

3016.78 

II 

13742-46880 

6 

3146.23 

II 

20617-52392 
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Vanadium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  K 

Intensity 

and 
Characte  r 

Wave- 

length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

5 

3151.32 

II 

20522-52246 

14 

3377.  62 

I 

9825-39423 

5 

3164.83 

II 

8842-40430 

22 

3400.  40 

I 

8716-38116 

7 

3168.14 

II 

8640-40196 

7 

3402.  57 

I 

8579-37960 

420 

3183.  41 

I 

137-31541 

7 

3417.  06 

I 

8579-37835 

700 

3183. 98 

I 

323-31722 

6 

3418.  52 

I 

8716-37960 

I 

0-31398 

15 

3425.  07 

;^  uu 

T 

RR*^  — "^1  Q"^? 

DDJ      JXvJ 1 

X IJ 

■l/ioc:  no 

T  T 
X  X 

55 

3187. 71 

II 

8640-40002 

6 

3489.  47 

17242-45892 

70 

3188.51 

II 

8842-40196 

7 

3493.17 

II 

8640-37259 

100 

3190,68 

II 

9098-40430 

12 

3497.  03 

II 

20981-49568 

7 

3193.  92 

I 

15063-46363 

5 

3500.  82 

19145-47702 

9R  m 

T 

X  J?  #  ^±jyo 

^  o 

T  T 
1  X 

RRZ19  _  ■^7'^Aq 

7 

3199.  82 

I 

15001-46244 

7 

3505.  69 

13802-42318 

100 

3202.  38 

I 

323-31541 

75 

3517.30 

II 

9098-37521 

60 

3205.  58 

1 

10893-420/9 

20 

3520. 02 

II 

8640-37041 

60 

3207. 41 

1 

553-31722 

15 

3524.  72 

II 

8842-37205 

10 

3208.  35 

II 

8842-40002 

30 

3529.  74 

I 

9637-37960 

55 

3212.  43 

I 

11101-42221 

30 

3530.  77 

II 

8640-36955 

10 

3214.75 

II 

9098-40196 

75 

3533.  68 

I 

9825-38116 

28 

3217.11 

II 

16533-47608 

15 

3543.50 

I 

9545-37757 

I 

323-31398 

75 

3545.  20 

II 

8842-37041 

c 

-3 

O  1 

T 

X 

1  nRQ'^ — 41 9sn 

XKJOy J     *tx /ju 

X  ^ 

JDDJt  c.  1 

qR9'i  — '^7qAn 

7 

3233.  19 

I 

11101-42021 

7 

3556.  25 

I 

17242-45354 

20 

3237.  87 

II 

16422-47297 

75 

3556.80 

II 

9098-37205 

7 

3249.  57 

I 

553-31318 

7 

3560.  60 

II 

8842-36919 

7 

3250.  78 

II 

23391-54144 

15 

3566.18 

8579-36612 

T  T 

i.  1 

CViJHJ  IjXUOD 

T  T 
X  X 

RA^n  — AA7Z1 

18 

3254.  77 

II 

16340-47056 

7 

3568.  94 

17055-45067 

5 

3255.  65 

I 

8716-39423 

7 

3571. 04 

I 

17242-45237 

18 

3263.  24 

I 

0-30636 

12 

3571.65 

I 

17117-45107 

140 

3267.  70 

II 

8640-39234 

12 

3573.  52 

J 

17182-45158 

/  X.  iil 

T  T 
1  X 

7 

'^^^77  R7 

1 71 1  7  —  zmrmq 

X/XX  /  —  tJUDy 

12 

3271. 64 

1 

137-30694 

7 

3582. 81 

I 

17242-45145 

10 

3273. 03 

1 

10893-41437 

75 

3589.  76 

II 

8640-36489 

100 

3276.12 

II 

9098-39613 

65 

3592. 02 

II 

8842-36674 

14 

3279. 84 

II 

19113-49593 

75 

3592.  53 

7 

T  T 
1 1 

LvXLj  —  H73DO 

T  T 
X  X 

qnqfl  — Aqi  q 

12 

3283.  31 

I 

323-30771 

6 

3605.  59 

7 

3284.36 

I 

11101-41539 

15 

3606.  69 

I 

10893-38611 

12 

3289.  39 

II 

8842-39234 

7 

3616.  72 

I 

19 

3298.14 

I 

553-30864 

6 

3637.  76 

J 

Lc. 

-lOQO  7/1 
JCvOt  IH 

T  T 
X  X 

X  ^ 

1 H^AQ  —  49091 

XHjT-y  '■tC.KJL.X 

7 

3309.18 

I 

9637-39847 

7 

3643. 86 

I 

14515-41950 

7  d 

3321.  54 

II 

19113-49211 

15 

3644.  71 

I 

11101-38530 

3321. 68 

I 

15265-45361 

12 

3648.  97 

I 

16450-43847 

14 

3329.  86 

I 

9825-39847 

12 

3656.  71 

16573-43912 

12 

3356.35 

I 

9637-39423 

26 

3663.  59 

} 

16361-43649 

14 

3365.  55 

I 

9545-39249 

8 

3665. 14 

16729-44005 

7 

3376.  06 

I 

9637-39249 

26 

3667.  74 

16450-43707 

7 

3377.39 

I 

9637-39237 

12 

3669.41 

II 

20363-47608 
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Vanadium 


—  All  Observed  Lines 


Intensity 
3,nd 

Wave- 

in  A 

Spec- 
trum 

Energy 

^  V      X  O 

in  K 

XXX  XV 

Intensity 

^  V»  a  1"  a    +  tfs  T" 

Wave- 
in  x\ 

Spec- 
trum 

Energy 
ijC  veis 
m  IS. 

18 

3671. 20 

J 

10893-38124 

4 

3781. 39 

15572-42010 

10 

3672.  40 

16917-44140 

7 

3787. 14 

J 

15104-41501 

30 

3673.  40 

I 

16573-43788 

55 

3790.  32 

I 

2220-28596 

30 

3675.  70 

I 

2220-29418 

10 

3793. 61 

I 

0-26353 

18 

3676.  68 

I 

17136-44327 

120 

3794.  96 

I 

2425-28768 

32 

3680.  11 

{ 

16729-43894 

60 

3799. 91 

2153-28462 

60 

3683.  13 

2153-29296 

60 

3803.  47 

J 

2311-28596 

20 

3686.  26 

I 

11101-38221 

9  d 

3803.  78 

I 

10893-37175 

50 

3687.  47 

I 

16917-44028 

3803.  90 

I 

323-26605 

140 

3688.  07 

I 

2311-29418 

20 

3806.  80 

I 

11101-37362 

110 

3690. 28 

\ 

2112-29203 

32 

3807.  50 

2112-28369 

160 

3692.  22 

2220-29296 

55 

3808.  52 

J 

0-26249 

48 

3695.  34 

I 

17136-44190 

24 

3809.  60 

I 

2220-28462 

110 

3695.  86 

I 

2153-29203 

110 

3813.  49 

I 

137-26353 

400 

3703.  58 

I 

2425-29418 

10 

3815.  51 

I 

2112-28314 

190 

3704.  70 

\ 

2311-29296 

15  d 

3817.  84 

553-26738 

60 

3705.  04 

2220-29203 

3817.  98 

J 

11101-37285 

10 

3706.  04 

I 

15104-42079 

140 

3818.  24 

I 

0-26183 

14 

3708.  72 

I 

15265-42221 

24 

3819.  96 

I 

2425-28596 

4 

3713.  96 

I 

553-27471 

24 

3821.  49 

I 

2153-28314 

34 

3715.  47 

II 

12706-39613 

60 

3822. 01 

323-26480 

5 

3718.  91 

48 

3822.  89 

J 

2311-28462 

5 

3722. 00 

I 

15001-41861 

32 

3823.  21 

I 

2220-28369 

5 

3722.  20 

I 

18198-45057 

7 

3823.  99 

I 

8476-34620 

26 

3727.  34 

II 

13609-40430 

5 

3826.  77 

I 

8413-34537 

5 

3728.  34 

II 

20242-47056 

180 

3828.  56 

137-26249 

6 

3729.  04 

14949-41758 

5 

3830.  27 

} 

30 

3732.  76 

II 

12622-39404 

3.0 

3832.  84 

I 

13802-39884 

16 

3734.  43 

I 

15078-41848 

30 

3834.  22 

I 

13811-39884 

5 

3737.  99 

I 

14910-41655 

8 

3835.  56 

I 

8413-34477 

9 

3738.  76 

15270-42010 

8 

3836.  05 

8476-34537 

4 

3740.  24 

J 

15270-41999 

17 

3839. 00 

J 

8579-34620 

10 

3741.  50 

I 

18438-45158 

12 

3839.  38 

I 

14549-40587 

24 

3745.  80 

II 

12545-39234 

8 

3840.  14 

I 

10893-36926 

4 

3747.  98 

I 

15572-42246 

60 

3840. 44 

I 

8716-34747 

22 

3750.  87 

II 

13543-40196 

280 

3840.  75 

323-26353 

4 

3751.  78 

8579-35225 

12 

3841.  89 

\ 

323-26345 

4 

3753. 27 

I 

13802-40437 

40 

3844.  44 

I 

0-26004 

4 

3755.  70 

I 

18302-44921 

34 

3847. 33 

I 

137-26122 

4 

3759.  32 

I 

20830-47423 

12 

3849.  32 

I 

5 

3761. 44 

15270-41848 

8 

3851. 17 

8579-34537 

9 

3763.  14 

J 

15572-42138 

4 

3852.  10 

8476-34429 

4 

3769.  07 

I 

13802-40326 

130 

3855. 37 

I 

0-25931 

22 

3770.  97 

II 

13491-40002 

320 

3855.  84 

I 

553-26480 

4 

3774. 11 

I 

13811-40300 

7 

3858.  68 

I 

8579-34487 

4 

3775.  19 

15270-41752 

8 

3859.  34 

} 

8716-34620 

4 

3775.  72 

\ 

18680-45158 

16 

3862.  22 

137-26022 

4 

3776.  16 

15771-42246 

14 

3863. 87 

10893-36766 

28 

3778.  68 

2311-28768 

140 

3864.  86 

137-26004 

5 

3779.  65 

10893-37343 

24 

3867.  60 

323-26172 
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Vanadium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

A 

H 

"2  070  CO 

/ U.  5o 

T  C  771        A1  CQQ 

lb  /  /i  —  41599 

0 
0 

1C\~7^  LA 

3973. 64 

T  T 
II 

11515  —  36674 

J.O 

3871.  08 

{ 

11101-36926 

4 

3979.14 

20768-45892 

J 

3873.  64 

10893-36701 

4 

3979.  42 

I 

19023-44146 

160 

1 07C  no 
3o  / D.  Do 

'20*2 

A 

0 Q 0 n  CO 
39o0.  52 

44 

Jo /b.  yu 

1*27  OCQ'2n 

13  /  —  ^5931 

/I 

4 

'2  Q  0  >l     1  A 

39o4.  34 

14910  —  40001 

An 

1  Q~i L  no 

3o /b.  uy 

CC2  OZ.'2/IC 

bb3  —  ^D34b 

7 

0  n  0  ^    z.  n 
39o4,  6U 

14949  —  40039 

1  A 

3878.  71 

II 

14656-40430 

7 

3988.  83 

15001-40064 

J,  u 

3883.  89 

I 

15689-41429 

42 

3990.  57 

I 

14949-40001 

7 

TTim  '2Z.OO'2 

lllUi  — 36o23 

20 

0  n  n  0  on 

3992. oO 

15001—40038 

55 

o  o  Q  n  TO 

3o7U.  lo 

'2  0  '2     0  z.  noo 
3^3  —  £.b\J^d. 

A 

4 

'2  Q  Q  ■?  TO 

399  /.  12 

T  T 
II 

11908  —  36919 

7 
1 

n 

3o91.  i-C 

*2  /I 

34 

3998.  73 

15063  —  40064 

JO 

3892. 86 

323-26004 

13 

4005.  71 

II 

14656-39613 

7 

3894.  04 

I 

18174-43847 

4 

4023.  17 

15270-40119 

7 

3o96.  16 

o/lo  — 34375 

9 

4023.  39 

T  T 

II 

14556  —  39404 

7 

o  n n "7  no 

3o^7.  Do 

18259-43912 

9 

/I  no  T  00 

4031.  83 

19078  —  43874 

£.6. 

n 

o  o  n  o  o 

3o9o.  02 

1868U  — 44327 

12 

4035.  63 

T  T 

II 

14462  —  39234 

i  i 

3899.  13 

II 

14556-40196 

9 

4042.  64 

15270-40000 

il 

n 

3900.  18 

I 

18372-44005 

4 

4048.  62 

I 

137-24830 

11 

h 

37UI.  Id 

lobl3  —  4414U 

0  0 
28 

yi  n  c  rv   q  z. 
4050.  96 

171o2  —  41od1 

190 

3902. 25 

553  —  dblll 

0  0 
28 

yi  n  C  T     "2  c 

4051. 35 

17242  —41918 

39U3.  26 

T  T 
11 

llVUo  —  3 /b21 

4 

Add  OZ. 

4053. 26 

T  CO"7A  '20Q'2C 

15270  —  39935 

3904.  47 

14515-40119 

22 

4057.  07 

\ 

17117-41758 

o 
o 

3906.  75 

I 

8579-34168 

10 

4057.  82 

15689-40326 

55 

39U9.  o9 

553  —  26122 

lo 

AC\d  0*2 

4063. 93 

TTACC  yiTZ.CC 

1  /U55  —41655 

8 

391U.  79 

O/n'2  '2'2Q7Z. 

c)413  —  337  /o 

io 

A  n7T      C  /I 

4U  /i.  b4 

T  C  CTO       A  AT  OZ. 

155/2—40126 

T  7 

3912.  21 

0/1  T  "2  '2'2QZ.7 

o41J  —  3370 / 

5 

^  noo  0*2 
4Uo2. 73 

OC^C  '2yiA'2A 

754b  —  34U3U 

/I 

3912. 89 

8579-34128 

90 

4090. 58 

\ 

8716-33155 

li 

3914.  33 

II 

14462-40002 

4 

4091.  94 

I 

9545-33976 

8 

0 m  /  /IT 

3916.  41 

T  T 
II 

T  1  CT  C       •27n  >1  1 

11515  —  3 /U41 

1  A 

14 

yi  noo  /IT 
4U92.  41 

OZ.'27  '2^AZ.Z. 

963  /  —  34066 

8 

392U.  49 

0^7Z.  '2'2Q7Z. 

o4  / D  —  337  / 0 

1  /I  n 
14U 

4U72.  07 

0*2TT  OZ.7^0 

2311  —  26  /  3o 

o 
o 

3921.  90 

0  >1  "7  Z.  '2'2QZ."7 

o4/6  — 3396/ 

Q 

7 

4093.  50 

OC  yi  C  '2'2QZ."7 

9545  —  3396/ 

io 

3922. 43 

8579-34066 

5 

4094.  28 

{ 

17242-41660 

3924.  66 

15063-40536 

70 

4095.  49 

I 

8579-32989 

12 

3925.  24 

innoz.     A  A  A  CkC 
19U26  — 44495 

220 

^AQQ  on 

4099.  oO 

OOOA       0  Z.  Z.  A  C 

2220  —  26605 

16 

0  n  0  "7  00 

3927.  93 

15U01  —  40452 

/!  Z. 

46 

/I  T  no   T  z. 
41U2.  16 

Oyi"7Z.  •200j1"7 

o4  /6  — 32o4  / 

o  n 

3930.  02 

ITim  '2Z.C'2Q 

lllUl —36539 

1  0 
lo 

4104.  40 

T"70y10  ^TCOQ 

1  /242  —41599 

1  o 

Ld. 

3931. 34 

14949-40379 

20 

4104.  78 

15771-40126 

3934.  01 

I 

8716-34128 

220 

4105.  17 

2153-26506 

12 

3935.  14 

14910  —  40315 

5 

^  T  AT  ACl 

4107. 49 

QZ.'2*7  '2'2Q"7Z. 

9637  —  33976 

8 
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J 

15771-31318 

2.  0 

6002  31 

J 

9825-26480 

1.  6 

6431  63 

15724-31268 

4 

6002. 63 

I 

8476-25131 

1.  0 

6433.18 

I 

15689-31229 

2.  0 

6016. 12 

I 

21603-38221 

0.  8 

6435.  16 

I 

15665-31200 

1.4 

6025.  41 

I 

14949-31541 

5 

6452.  34 

I 

9637-25131 

32 

6039.  73 

8579-25131 

0.  8 

6488.  05 

\ 

19078-34487 

7 

6058  14 

8413-24915 

4 

6504.  17 

9545-24915 

1.  4 

6067.  26 

I 

21646-38124 

8 

6531.  43 

I 

9825-25131 

34 

6081.44 

I 

8476-24915 

2.  0 

6543. 51 

I 

9637-24915 

90 

6090.  22 

I 

8716-25131 

1.2 

6558.  02 

I 

11101-26345 

2.  0 

6106.98 

11101-27471 

0.  8 

6565.  88 

9545-24771 

20 

6111  67 

{ 

8413-24771 

4 

6605  97 

\ 

9637-24771 

42 

6119.52 

I 

8579-24915 

1.  2 

6607.  83 

I 

10892-26022 

1.  4 

6128.34 

I 

8476-24789 

0.  8 

6623.  54 

I 

15771-30864 

20 

6135. 38 

I 

8476-24771 

4 

6624.  85 

I 

9825-24915 

13 

6150.15 

2425-18680 

1.  0 

6633. 26 

J 

11101-26172 

6 

J 

231 1  —1 851 3 

1.  0 

6643.  79 

15724-30771 

1.  6 

6189.35 

I 

2220-18372 

0.  6 

6693.*  66 

I 

21603-36539 

32 

6199.19 

I 

2311-18438 

0.  6 

6708.07 

I 

9825-24728 

9 

6213.87 

I 

2425-18513 

5 

c 

6753.  00 

I 

8716-23520 

32 

6216.37 

J 

2220-18302 

0.  8 

6760. 12 

2.  0 

h 

<jC  XO.  J  i. 

4 

c 

6766  49 

8579-23353 

9 

6224.  50 

I 

2311-18372 

3.  0 

6784.  98 

I 

8476-23211 

30 

6230.  74 

I 

2153-18198 

1.  2 

6786.  32 

I 

7 

6233.  20 

I 

2220-18259 

2.0 

6812.  40 

I 

8413-23088 

4 

6240.  13 

2153-18174 

0.  7 

c 

6829. 94 

J 

8716-23353 

12 

D^H^.  OX 

?1 1  2  —  1 8126 

^XX^  XwXCv 

1.2 

6832. 44 

8579-23211 

50 

6243. 10 

I 

2425-18438 

0.  9 

6839! 58 

I 

19023-33640 

20 

6251.  82 

I 

2311-18302 

0.9 

6841.  90 

I 

8476-23088 

6 

6256.  90 

I 

2220-18198 

0.8 

c 

6870. 88 

I 

19145-33695 

6 

6258.57 

2112-18086 

0.7 

6871.  56 

15572-30121 

4 

6261.22 

{ 

2153-18120 

0.6 

6894. 00 

19026-33528 

6 

6266.  32 

2220-18174 

1.0 

6974.  50 

19026-33360 

9 

6268.  82 

2425-18372 

1.8 

7026.  07 

19078-33307 

12 

6274.  65 

2153-18086 

0.6 

7063.  69 

11101-25254 
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Vanadium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 

1  fin  crt"V» 
in  A 

Spec- 
trum 

Energy 

X^C^  V  c  ±  0 
in  "K" 

JLIi  iv 

Intensity 

and 
Character 

Wave- 
length 
in  A. 

Spec- 
trum 

Energy 
Levels 
m  Js. 

0.  9 

h 

7092. 08 

J 

1.  2 

h 

8045.  71 

r\  r- 

0.  5 

7102.  58 

17242-31318 

1. 0 

8051.  89 

2.  0 

7148.15 

I 

1.  2 

8093.  48 

I 

8476-20828 

0.  6 

7151.  36 

20768  —  34747 

0.7 

8102.  44 

0.6 

7182.  08 

18805  —  32725 

1.0 

8108.  59 

25112-37441 

1.  2 

7264.  29 

20768  —  34530 

0,  0 

n 

8109.  07 

24899  —  37227 

0.  7 

7321.  44 

J 

17117-30771 

10 

cw 

8116.  80 

J 

8716-21033 

3.  5 

7338.  92 

I 

17242-30864 

0. 9 

1- 
n 

8136.  79 

I 

24830-37117 

3.  0 

"7  O  IT  /       IT  /I 

7356.  54 

17182  —  30771 

2.5 

8144.  59 

n/iio  on/no 

8413—20688 

0.9 

7358.  66 

20789  —  34375 

0.  8 

8154.  55 

0  yi  onn      o~n  co 

24899  —  37158 

2.  0 

7361. 39 

T~7r\c/i  on/I/ 

17054  —  30636 

c 

8161. 07 

J 

8579  —  20828 

1.  0 

7362. 49 

J 

19189-32768 

1.  2 

8171.35 

24993-37227 

2.  0 

7363.  16 

I 

17117-30694 

0.  6 

8180.21 

I 

20768-32989 

0.  8 

7385. 95 

19189—32725 

3.0 

oloo. 71 

8476  — 20600 

0.5 

h 

7393. 49 

2.0 

Ol  0~7     0  0 

8187. 33 

25112  —  37322 

1.  0 

n 

7485. 90 

20813  —  34168 

2.  5 

Ol  00  0~7 

8198.  87 

8413—20606 

1.  0 

n 

7488.  08 

15270-28621 

3. 0 

8203.  07 

J 

25254-37441 

1.  0 

n 

7492.  44 

2.  0 

8241.  61 

I 

8476-20606 

1.  0 

h 

"7  1  7  0      -7  p 

7578.  75 

24915  —  38106 

2.5 

c 

8253.  51 

8/16  —  20828 

0.  8 

h 

7591. 24 

24771  —  37940 

2.  5 

8255.  88 

0C"70  OA/00 

8579  —  20688 

1.  2 

1 

n 

7596.  92 

19189  —  32349 

0.  4 

n 

8280.  39 

257^1  —  ioU04 

1.  0 

h 

7598.  28 

J 

18805-31962 

1.  6 

8282.  37 

J 

26172-38242 

2.  0 

7624.  81 

I 

25131-38242 

A  "7 

0.  7 

8324.  42 

I 

25931-37940 

0.4 

7701.  37 

18805  —  31786 

1.2 

h 

8331. 23 

26004  — 3o004 

0.7 

7704. 81 

25131—38106 

1.2 

8342.  03 

OZ.1  00      OOl  t\f 

26122  —  38106 

0.  7 

h 

7851. 18 

0.  6 

8402. 81 

1.2 

bl 

7865.  51 

vo 

1.0 

8499.  52 

26480-38242 

1.0 

7896.  40 

0.5 

8534.  49 

21646-33360 

1.2 

h 

7898.  81 

0.5 

bl 

0  /  0  yi     n  / 

8624.  86 

VD 

2.0 

7937.  92 

I 

24728  —  37322 

5 

c 

8919. 85 

Vo24  —  210^j 

2.5 

c 

8027.  39 

I 

8579-21033 

2.5 

c 

8932.  93 

9637-20828 

1.2 

8028.  13 

I 

1.0 

8971. 62 

9545-20688 

1.2 

h 

8035. 38 
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YTTERBIUM 


Yb,  Z=70,  M=  173.04,  Ratio  7^=2.723 


Yb  I  Normal  state  of  valence  electrons  6s^ 'So  =0.  I.P.  =  50000  K 
Yb  II  Normal  state  of  valence  electrons  6s' %>^=0.    I.P.  =  97000  K 

References 

Wavelengths : 

W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  19,  651  (1937). 
W.  F.  Meggers,  unpublished  material  (1961). 

Classification  and  Spectrum  Assignments: 

Yb  I,    W.  F.  Meggers,  unpublished  material  (1961). 

Yb  II,   W.  F.  Meggers  and  G.  Racah,  unpublished  material  (1953). 

Yb  III,  W.  F.  Meggers  and  B.  F.  Scribner,  J.  Research  NBS  19,  651  (1937). 


Relative  intensity  of  ytterbium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  ytterbium 


Strong  lines  of  ytterbium 


Intensity 

Wavelength 

Spectrum 

Energy  levels 

Term  combination 

A 

K 

3200 

3694.  19 

II 

0-27062 

4/'<6si 

2SoK— 4/"6pi 

2600 

3289.  37 

II 

0-30392 

4/i46si 

2SoK— 4/i46p' 

1900 

3987.  98 

0-25068 

4/"6s2 

iSo  — 4/"6s'6pi 

iPl 

500 

2891.  38 

II 

0-34575 

4/i^6si 

2SoK— 4f"5(ii6si 

34575!k 

340 

3464.  36 

0-28857 

4/"6s2 

>So  — 4/i35di6s2  28857f 

280 

2970.  56 

II 

0-33654 

4/"6si 

2SoK— 4/"5di6si 

336545m 

180 

2750.  48 

II 

21418-57765 

4/i36s2 

2F|h— 4/i36s'6pi 

5776541^ 

140 

2653.  74 

II 

21418-59090 

4jri36s2 

2riK— 4/'36s>6pi 

590903H 

140 

5556.  48 

0-17992 

4/i46s2 

>So  — 4/»6si6pi 

130 

3031.  11 

II 

0-32982 

4/»6si 

2SoH— 4/"5di6si 

32982f;^ 

75 

7699.  49 

19710-32695 

4/"6s>6pi 

sPi  — 4/"6si7si 

'Si 

70 

3454.  07 

II 

26759-55702 

4/iW6si  267591U— 4/'35di6»i 

55702,H 

70 

3476.  31 

II 

0-28758 

4/i^6si 

2Sou— 4/i35di6si 

28758!^^ 

70 

3478.  84 

II 

30224-58961 

4/i35d'6s'  302241k— 4/"5di6pi 

589615H 

65 

2464.  49 

0-40564 

4/"6s2 

iSo  — 4/i46si7p' 

40564! 
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Ytterbium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intens  ity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

8 

2116  65 

^  1.x.  w«  \J  ^ 

IT 

X  X 

55 

P67?  k^ 

TT 

X  X 

71418  —  ^887"^ 

11 

2126.72 

II 

0-47006 

3.0 

2680.40 

II 

26759-64056 

2.0 

2161.  60 

II 

2.0 

2683. 42 

II 

44438-81693 

A 

2185  70 

IT 

X  X 

0  —  45737 

1  0 

X  u 

2684  1^ 

TT 

X  X 

JCJ / X  D7DUO 

7 

2224  45 

IT 

X  X 

0  —  44941 

V              I    T    /     1  J. 

3  5 

2687  96 

TT 

X  X 

"^0774  —  A741  A 

5 

2320  81 

IT 

4 

2695  43 

IT 

X  X 

■^1  ^"^7  —  ^,8770 

2.  5 

2362. 88 

II 

21418-63727 

2.0 

2696.  62 

II 

32371-69444 

12 

2390.  73 

II 

21418-63234 

2.5 

2700. 80 

II 

1  4 

2398  01 

II 

X  X 

0  —  41  688 

\J        ~  X\J\J\J 

3  0 

?708  84 

TT 

X  X 

3  0 

2421  36 

II 

Ji  X 

32371  —73658 

g 

IT 

X  X 

"^1  "lAR  — ^>84'l0 

3  5 

2447  25 

II 

X  X 

28758-69608 

2711  79 

^  1  X  X»    9  / 

IT 

X  X 

71  41  8  —  ^18784 

4 

2460.  24 

II 

30224-70858 

8 

2712. 66 

II 

30563-67416 

65 

2464.  49 

I 

0-40564 

24 

2718.  35 

II 

31980-68756 

2  0 

2484  87 

IT 

30563  —  70794 

3  0 

2722  19 

^  /  C  ^«  X  7 

IT 

X  X 

34390  —  71 114 
j7*t^/u  /xxx*T 

1  0 

2502  00 

IT 

21  41  8  — 61  374 

iL  X^  X*J        \J  X  ^  1  ^ 

1  6 

IT 

X  X 

71  c;A8  — A81  RO 

4 

2505  46 

IT 

X  X 

31  568  —  71  469 

3  0 

IT 

X  X 

'i4-i90  — 709'^4 

1.6 

2508.  04 

II 

8 

2741. 71 

II 

33494-69957 

20 

2512.05 

II 

21418-61215 

8 

2747.  58 

II 

32371-68756 

c.  ^  X  u.  J  yj 

IT 

X  X 

33052  —  7278(1 

2  ^ 

7748  0"^ 

T  T 

X  X 

'^4t;7c;  _7n9t;4 

7 

75?2  4P 

T  T 

J.  X 

21  41  8  — 61  051 

C.X^X\J  \JX\J^X 

3? 

974Q  AA 

TT 

X  X 

"^1  i;a8  — ^79-^9 

9 

L-  J  J  1  m  OH 

TT 

J.  X 

X  0  u 

/  JU«  *tO 

IT 

X  X 

71 41 8  —  R77AR 
tX*TXO     ZJ  1  /  o_j 

38 

2538.  67 

II 

0-39379 

12 

2751.  45 

II 

30224-66558 

2.0 

2550. 04 

II 

3.0 

2759.  00 

II 

37516-73751 

1  n 

L.J^C.M  X^ 

TT 

X  X 

'?0??4  —  69'^9'i 

Q 

y 

7760  78 

IT 

X  X 

Q 
o 

?5'S?  69 

T  T 

X  X 

^1  A3?  _  70794 

J  X\J  ^  C        1  \J  1  /  *^ 

Q 

y 

7761  "^8 

IT 

X  X 

^ern-i  9  _7i  777 

^  ^ u  ^«  ^ u 

TT 

X  X 

1           1  J  1  -}  X 

5 

97AA  4P 

IT 

X  X 

7i;0t;9_7i  777 

4 

2571.  35 

II 

31980-70858 

12 

2771. 33 

II 

34785-70858 

1.8 

2573.  13 

II 

32371-71222 

24 

2776.  28 

II 

34785-70794 

CZj  /  D.  X T 

TT 

X  X 

1  4 

X  T 

7784  66 

IT 

X  X 

'i'^494  — Ag-^gi; 

A 

TT 

X  X 

k%o  —  701  36 

^  X\J  J  C-  IKJXJsJ 

2 

7787  96 

1 1 

X  X 

30774  —  6608? 

?61  5  26 

IT 

X  X 

30224  —  68450 

A 

2793  28 

£.  /    /  J  %  X.\J 

IT 

X  X 

33654  —  69444 

14 

2617.  00 

II 

21418-59619 

3.5 

'2794.44 

II 

35019-70794 

8 

2634.  31 

II 

3.  0 

2795.  08 

II 

37516-73283 

U 

?A'?Q  44 

TT 

X  X 

31  568  —  69444 

2  5 

2795  31 

II 

X  X 

1  9 

±  £- 

7641  90 

TT 

X  X 

2797  79 

II 

X  X 

1  1 

X  J. 

T  T  T 

XXX 

'^46'i6  — 77487 

1  4 

X  *T 

7798  71 

IT 

X  X 

30224  —  65951 

16 

2644.  30 

II 

33052-70858 

6 

2799. 38 

II 

4 

2646.  44 

II 

33494-71270 

12 

2800. 05 

II 

28758-64461 

A 

^       f  .  •to 

T  T 

X  X 

•i^ni  9  —  777Rn 

P  0 

781 0  7? 

CsJ  X\J  m    1  C 

IT 

X  X 

32371  _A7939 

4 

?648  fiO 

T  T 

X  X 

7'?05?  —  70794 

9 

2814  53 

II 

X  X 

30563  —  66082 

7 
# 

0^49  79 

TT 

X  X 

'^494  —  71  ?22 

J                       1  X£-X.C 

4 

2816  35 

II 

X  X 

30392  —  65888 

4 

2650.  73 

II 

30224-67939 

20 

2821.  15 

II 

31980-67416 

140 

2653.  74 

II 

21418-59090 

14 

2824.  97 

II 

30563-65951 

Ok^k  11 
^  0-?D.  X  X 

TT 

X  X 

7R'?Q  98 

IT 

X  X 

30563  —  65876 

TT 

1  X 

78*^7  70 

IT 

X  X 

28758  —  64056 

TT 

X  1 

J>X-?DO  D7UOU 

4 

L.  O^T»  7  0 

TT 

X  X 

37i;i  A  —  72780 

12 

2666.  11 

III 

34991-72486 

2.0 

2842.  58 

II 

32982-68150 

?666  98 

TTT 

XXX 

34656  —  721  40 

^  ~\J                 1  CX~\J 

32  h 

^  t.  11 

2847  17 

Cm  \J~    1    %      X  1 

IT 

27062-62174 

8 

2668.  74 

II 

33494-70954 

14 

2848.44 

II 

33052-68149 

55 

2671.  98 

I 

0-37415 

3.0 

2849.33 

II 

44498-79583 
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Ytterbium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec-  Energy 
Levels 
m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

50 

2851.  12 

II  26759-61822 

9 

2962. 52 

jj 

34390-68135 

8 

2851.  86 

II  33494-68549 

3.  0 

2963.  21 

II 

3.  0 

2853. 41 

II  46170-81205 

6 

2963. 45 

2.  5 

2853.  68 

II  34575-69608 

18 

2964.  75 

jj 

W  b.  k      »                 W  ^    f       \  t 

8 

2854.  13 

II  35832-70858 

280 

2970. 56 

J  J 

0-33654 

6 

2854. 49 

II  40036-75058 

6 

2982. 49 

JT 

33052-66571 

6 

2858.  33 

II  30224-65200 

3.0 

2982. 66 

II 

32371-65888 

6 

2858. 46 

II  32982-67955 

4 

2983.  70 

33052-66558 

14 

2859.  38 

II  35832-70794 

28 

2983. 98 

jj 

30224-63727 

60 

2859. 80 

II  21418-56376 

13 

2985. 08 

TT 

35059-68549 

8 

2860.  40 

J  J 

5 

2985.  87 

J  J 

32982-66463 

20 

2861.  21 

II  31632-66571 

6 

2990.  36 

II 

35019-68450 

14 

2861.  33 

II  35019-69957 

9 

2991. 87 

32982-66396 

28 

2867. 05 

II  30224-65093 

4 

2993.  93 

jj 

35059-68450 

3.  5 

2870.  06 

24 

2994.  80 

J  J 

30563-63944 

6 

2873. 50 

J 

4 

2995.  86 

JT 

32982-66351 

4 

2885.  97 

II  33494-68135 

10 

3000. 46 

II 

10 

2886.  26 

II  30563-65200 

3.  5 

3002.  61 

41679-74973 

28 

2888. 03 

II  26759-61374 

44 

3005. 76 

jj 

31632-64891 

500 

2891. 38 

II  0-34575 

14 

3009.  39 

JT 

31980-65200 

6 

2893. 63 

II  35059-69608 

9 

3010.  62 

JJ 

32371-65577 

4 

2896.  90 

II  46170-80679 

8 

3014.43 

II 

30563-63727 

12 

2899. 71 

II  28758-63234 

22 

3017. 55 

35019-68149 

2.  5 

2902. 40 

II  33494-67939 

22 

3026. 67 

jj 

33052-66082 

3.  0 

2902. 92 

II  38342-72780 

130 

3031. 11 

J  J 

0-32982 

3.  0 

2906.  88 

II  37078-71469 

8 

3034. 64 

J  J 

31980-64923 

4 

2908.  32 

II  30224-64598 

3.5 

3037.  99 

II 

32982-65888 

5 

2909. 19 

II  33052-67416 

8 

3039. 67 

35832-68720 

8 

2909.  47 

II  30563-64923 

11 

3042. 65 

jj 

33494-66351 

12 

2911. 52 

II  35059-69395 

3.  0 

3044. 01 

J  J 

30392-63234 

2.  5 

2912.  86 

II  31568-65888 

6 

3046. 48 

J  J 

34390-67205 

24 

2914.21 

II  35832-70136 

5 

3047.  06 

II 

33654-66463 

20 

2915. 27 

II  26759-61051 

6 

3063.  13 

30224-62861 

2  5 

2916.  43 

II  39379-73658 

3.  0 

3063. 67 

jj 

34785-67416 

40 

2919.  34 

II  31632-65876 

16 

3065. 04 

J  J 

28758-61374 

8 

2921.  12 

II  32982-67205 

2.  5 

3076.  02 

J  J 

26759-59259 

6 

2924. 23 

II  32371-66558 

14 

3089. 10 

II 

28758-61120 

3.5 

2927. 85 

II  37078-71222 

10 

3093. 87 

^j 

31632-63944 

5 

2934.  35 

4 

3100.  71 

8 

2935. 10 

II  34390-68450 

6 

3101.  36 

J  J 

33654-65888 

3  0 

2937.  18 

II  37078-71114 

4 

3102.  07 

J  J 

32371-64598 

6 

2939.  52 

II  31568-65577 

8 

3107.  76 

II 

34390-66558 

6 

2940.  51 

24 

3107.  90 

jj 

40036-72202 

4 

2942. 04 

II  32371-66351 

12 

3115. 33 

32371-64461 

20 

2945*  90 

II  34785-68720 

8 

3116. 70 

J  J 

31980-64056 

A 

2946. 30 

II  40036-73967 

26 

3117. 80 

J  J 

26759-58823 

2.5 

2946!  76 

II  43956-77882 

7 

3136. 75 

jj 

33052-64923 

4 

2950.  32 

II  35059-68944 

32 

3140.  92 

28758-60586 

6 

2955. 31 

II  26759-60586 

11 

3141. 72 

34575-66396 

2.5 

2957.  63 

11 

3145.  06 

34785-66571 
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Ytterbium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 

■   A 

m  A 

Spec-  Energy 
Levels 
trum  . 

m  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Ene  r  gy 
Levels 
in  K 

4 

3145. 55 

II 

7 

3438. 71 

II 

34575-63648 

4 

3153. 17 

II  33494-65200 

14 

3438.  85 

II 

31980-61051 

J  i.  JJt  OD 

D 

7 

3155. 17 

II  32371-64056 

5 

3446.  89 

II 

32371-61374 

4 

3162.31 

I 

12 

3452.  41 

I 

10 

3163.  79 

II  33494-65093 

70 

3454.  07 

II 

26759-55702 

7 

3165.  20 

II  35832-67416 

26  d 

3458.  28 

II 

40036-68944 

^  X  D7,  U  D 

JHDO,  JO 

17 

3180.  92 

II  33494-64923 

50 

3460.  27 

I 

55 

3192.  88 

II  30563-61874 

5 

3462.  36 

II 

10 

3198.  65 

II  31980-63234 

340 

3464.36 

I 

0-28857 

34 

3201.  16 

II  31632-62861 

70 

3476.  31 

II 

0-28758 

X  J. 

-lOT  7    1  Q 
±  / .  X  O 

TT       ■^9Qfi9  —  Azirm  A 

/  u 

7 

3218.33 

II  35019-66082 

7 

3482. 57 

II 

7 

3225. 86 

II  30224-61215 

12 

3485. 76 

II 

32371-61051 

6 

3239.  20 

II  32371-63234 

12 

3488.  42 

II 

5 

3239.  60 

14  hw 

3495. 92 

II 

x^ 

_5       /  .  Oc. 

■^7n7R  —  Ac;^77 
p 1 U 1 0  —  ODD  1 1 

18 

3261. 50 

II  30563-61215 

7 

3517.  02 

I 

19710-48136 

2600 

3289.  37 

II  0-30392 

32 

3520.  29 

II 

30563-58961 

18 

3305. 27 

I 

7 

3545.  71 

II 

20 

3305.  73 

II  31632-61874 

14 

3549.  82 

II 

33052-61215 

7 

JJi-J,  XX 

5 

11 

3319.  43 

I 

28 

3560.  33 

II 

21418-49498 

7 

3333.  06 

II  33654-63648 

24 

3560.  71 

II 

34785-62861 

34 

3337.  18 

II 

7  h 

3563.  94 

II 

31568-59619 

40  h 

3342. 94 

12 

3570.56 

II 

33052-61051 

11 

7 
/ 

7 

3347.  53 

II  35059-64923 

7 

3574.  54 

II 

5 

3351. 08 

II 

50 

3585.  47 

II 

21418-49301 

7 

3351. 24 

II 

13 

3606.  48 

II 

33494-61215 

14 

3352. 49 

5 

3610.  24 

II 

31568-59259 

i^t 

y 

-)DXX.  JU 

7 

3363.  64 

II 

20 

3619.  82 

II 

28758-56376 

34 

3375.  48 

II  26759-56376 

11 

3634.  54 

II 

7 

3376.  62 

II 

24 

3637.  76 

II 

21418-48900 

4 

3382.  58 

n 

7 

3648.  13 

I 

on 

iio  /.  Dl 

g 

■j^cc  7-2 

1  7QQ0  —  ACL'^'^Q 
X  1  yy  £.      HD  JJv 

7 

3390.  24 

II 

24 

3669.  70 

II 

27062-54304 

4 

3390.  32 

II 

5 

3670.  69 

II 

38342-65577 

7 

3391.  10 

II  37078-66558 

14 

3675.  08 

II 

30563-57765 

7  h 

3394.  44 

II  32371-61822 

5 

3690.  56 

II 

34785-61874 

7 
1 

IT           no?  A  _  c;QA1  Q 

JOvH,  X  7 

5 

3404.  11 

II  35832-65200 

7 

3698.  59 

II 

35832-62861 

7 

3412.45 

I 

7 

3700.  57 

I 

20 

3418.40 

I 

5 

3710.33 

II 

28758-55702 

50 

3426.  06 

6 

3724.  22 

31980-58823 

11 

3428.  47 

II  34785-63944 

18 

3734.  70 

17992-44760 

34 

3431.  14 

55 

3770.10 

17288-43805 

6 

3434.  62 

II 

8 

3774.  32 
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Ytterbium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
dhar  act  p 

- 

Wave- 
in  A. 

Spec- 
trum 

Ene  r  gy 
T  vpl 
i-n  K 

±1.1. 

6 

h 

3791.  74 

{ 

1.  4 

5009.  52 

II 

32982-52938 

10 

3839.  92 

1.  0 

5067.  31 

II 

34575-54304 

20 

3872. 85 

I 

17992-43805 

1.8 

5067.  80 

I 

20 

3900. 86 

19710-45339 

4 

5069. 15 

I 

3.0 

3904. 82 

II 

38342-63944 

13 

5074.  33 

I 

24752-44453 

8 

3911. 28 

{ 

3.  0 

5076.  75 

I 

25068-44760 

1900 

3987.  98 

0-25068 

1.  2 

5135. 99 

II 

33052-52517 

55 

3990.  89 

I 

19710-44760 

0.8 

5147.  03 

II 

38342-57765 

3.  0 

4007.  36 

I 

1.  2 

5184. 18 

II 

33654-52938 

4 

4052.  28 

I 

3.  5 

5196.  09 

I 

5 

4077.  28 

II 

38342-62861 

5 

5211. 59 

I 

25271-44453 

26 

4089.  69 

2.  0 

5240.  52 

II 

30224-49301 

7 

h 

4119.  26 

II 

6 

5244.  11 

I 

24752-43816 

4 

4135.  09 

II 

34785-58961 

2.  5 

5257.  51 

II 

34390-53405 

28 

4149.  07 

I 

19710-43805 

9 

h 

5277.  08 

I 

24489-43434 

7 

4174. 57 

2.  0 

5279.  56 

II 

34785-53721 

20 

4180. 82 

II 

30392-54304 

1.  0 

5300. 95 

II 

37516-56376 

9 

d 

4218.56 

II 

37516-61215 

10 

5335.  15 

II 

30563-49301 

4218.  64 

I 

24752-48449 

1.  8 

d 

5345.  67 

II 

35019-53721 

7 

4231.  99 

I 

17992-41615 

5345. 85 

II 

40918-59619 

4 

4277.  73 

\ 

3.  5 

5347.  22 

II 

35019-53715 

7 

4305. 96 

1.  8 

h 

5351.  33 

I 

24752-43434 

4 

4316.  96 

II 

30563-53721 

9 

5352.  96 

II 

30224-48900 

3.  5 

h 

4393. 76 

I 

25068-47822 

1.  8 

5358.  66 

II 

35059-53715 

3.5 

h 

4430.  22 

I 

24489-47055 

1.  8 

5363. 66 

I 

26 

4439.  21 

\ 

17288-39809 

1.  0 

5389.  87 

II 

34390-52938 

5 

h 

4482. 44 

24752-47055 

0.  8 

5432.  74 

II 

47680-66082 

5 

4515. 17 

II 

26759-48900 

2.5 

5449.  30 

II 

35059-53405 

2.  0 

4553.  59 

II 

30563-52517 

0.  8 

5478. 52 

II 

40036-58284 

5 

h 

4564.  00 

I 

19710-41615 

3.  5 

5481. 94 

I 

24489-42726 

38 

4576.  21 

17992-39838 

2.  5 

5505. 50 

I 

24489-42648 

12 

4582.  36 

\ 

17992-39809 

1.  0 

5524.  55 

I 

4 

4589. 22 

I 

25271-47055 

5 

h 

5539. 09 

I 

8 

4590.  84 

I 

140 

5556.  48 

I 

0-17992 

2.5 

4598.  37 

II 

31980-53721 

2.  0 

5562. 07 

I 

24752-42726 

2.  0 

4683.  83 

II 

32371-53715 

1.  2 

5568.  11 

I 

2.  5 

4684. 28 

1.  2 

5586.  35 

I 

24752-42648 

11 

4726.  08 

II 

26759-47912 

2.5 

5588.47 

II 

35832-53721 

10 

h 

4781.  89 

I 

3.  5 

5652.  00 

II 

30224-47912 

10 

4786. 61 

II 

31632-52517 

0.  4 

5686.  53 

II 

2.  0 

4816.  40 

13 

5720.  01 

I 

27678-45155 

2.  5 

4820.  25 

II 

28758-49498 

0.  6 

5749. 92 

II 

49009-66396 

2.  0 

4836.  95 

II 

33052-53721 

0.  6 

h 

5755.  90 

I 

2.5 

4837.  47 

I 

24489-45155 

1.  6 

5771.  67 

II 

31980-49301 

1.  0 

4851.  16 

II 

24333-44941 

0.  6 

5803. 45 

I 

2.  5 

h 

4894.  63 

0.  6 

5819. 43 

II 

46548-63727 

1.6 

4912. 38 

{ 

19710-40062 

2.0 

5834. 00 

II 

42 

4935.  51 

19710-39966 

2.  0 

5837.  15 

II 

32371-49498 

1.4 

4937.  23 

II 

37516-57765 

1.6 

5854. 52 

I 

8 

4966.  91 

19710-39838 

0.  5 

5897.  23 

II 

48923-65876 

609065  O  -  62  -  30 
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Ytterbium  —  All  Observed  Lines 


Intensity        Wave-  Energy  Intensity         Wave-  Energy 

and  length        "    "        Levels  and  length       P^c-  Levels 

Character       in  A  in  K  Character         in  A  in  K 


1  2 

5908  38 

IT 

31980 

-48900 

1  2 

6678  17 

27678 

—  42648 

1  0 

5989  32 

I 

2  0 

6727.  61 

II 

33052 

-47912 

2.5 

5991.  51 

II 

35832 

-52517 

2.0 

6768!  70 

25068 

-39838 

0.  6 

6052.90 

II 

32982 

-49498 

55 

6799.61 

17992 

-32695 

0  ft 

6054  56 

\J\J  -J   \  m  — '  w 

T 

1  4 

X«  ~ 

6934.  04 

II 

A  X 

33494 

—  4791 2 

3  5 

6152  58 

IT 

33052 

-49301 

2  0 

6999. 87 

II 

X  X 

1  8 

6246.  97 

II 

33494 

-49498 

1  0 

X «  w 

7043*  80 

II 

47680 

-61873 

3.5 

6274.'  80 

II 

31980 

-47912 

0.9 

h 

11^0,,  47 

24752 

-38552 

0.8 

6308. 15 

II 

33052 

-48900 

0.  8 

h 

7305.  25 

\ 

24489 

-38174 

2  0 

h 

6400.  40 

I 

27678 

-43298 

1.  0 

h 

7313. 10 

24752 

-38422 

2.0 

h 

6417.  97 

I 

27678 

-43255 

1.6 

h 

7350.  09 

1.2 

6432. 73 

II 

32371 

-47912 

2.5 

7448.  33 

24752 

-38174 

1.0 

h 

6463. 15 

II 

3.0 

h 

7527. 56 

25271 

-38552 

20 

6489.  10 

I 

17288 

-32695 

75 

7699.  49 

19710 

-32695 

1.6 

6643.  54 

I 

27678 

-42726 

0.7 

7895.  12 

24752 

-37415 

14 

6667. 85 

I 

25068 

-40062 

7 

h 

8922. 62 

II 

44498 

-55702 
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YTTRIUM 

Y 

Y,  Z=39,  M=88.91,  Ratio  7^=1.399 

Uu 

Y  I  Normal  state  of  valence  electrons  5s^  4:d}  '^T>iy=Q.    I.P.=  52650  K 

Y  II  Normal  state  of  valence  electrons  5s^       %  =0.    LP.  =  100000  K 
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Relative  intensity  of  yttrium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  yttrium 

Strong  lines  of  yttrium 


Intensity 


Wavelength 
A 


Spectrum 


Energy  levels 
K 


Term  combination 


1500 
1300 
1200 
1200 
1000 

1000 
1000 
950 
900 
850 

800 
800 
800 
750 
600 

550 
500 
500 


3710.  30 

3600.  73 
3774.  33 
4374.  94 
3611.  05 

3633.  12 
4102.  38 
4077.  38 
4128.  31 
3788.  70 

3242.  28 

3601.  92 
4177.  54 
4142.  85 
3327.  89 

3620.  94 
3216.  69 
3549.  01 


II 
II 
II 
II 
II 

II 


II 

II 
II 
II 

II 


II 
II 


1450-28394 
1450-29214 
1045-27532 
3296-26147 
1045-28730 

0-27517 
530-24900 

0-24519 
530-24747 
840-27227 

1450-32284 
840-28595 
329fr-27227 
0-24131 
3296-33337 

530-28140 
1045-32124 
1045-29214 


4di5si  a  ^Ds  — 4d'5jB'  z  ^Fl 
4d'5si  a  — 4(ii5p>  z  =D§ 
4rfi5si  a       — 4d'5pi      z  'Fj 


IDs 


4di5s»  a  ^T>2  — 4d'5p>      z  'D^ 

5s2  a  JSo  — 4di5p»      z  iPf 
4rfi5s2  a  4cP5s'5pi  V  ^^la 

4rfi5s2  a  2D,H— 4rf'5s'5pi  y  ^F^^ 
4d>5s2  a  2D2K— 4d'5s'5pi  V  'Djj^ 


4di5sia3Di  — 4rf»5pi 


3F? 


4di5s«  a       — 4(?5p'     y  ^Pi 
4rf'5s'  a  'Di  — 4(?5pi      z  ^D! 
4rfi5s'  a  1D2  — 4di5p»      z  ^Fl 
4d'5s2  a  2D,ji— 4di5si5p>  y  ^Df^ 
4d>5si  a  'D2  — 4rf'5)B»      z  iF| 

4di5s2  a  4d'5si5p»  a;  ^Pfn 

4di5si  o  'D2  — 4di5p>  y  ^Pf 
4rf»5si  a        — 4di5p«      z  'Dj 
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Yttrium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

3.  5 

2243  06 

L.  L.~  ^  ^  \J\J 

A.  X. 

0  — 44SA8 

1  R 

X  ^ 

3021  73 

T 

X 

DJ\J  —  JJOLH 

1.  6 

2354.  20 

I 

530-42995 

10 

3022.  28 

I 

530-33608 

8 

2367.  25 

III 

725-42955 

3.  0 

3026.  49 

II 

26147-59179 

1.4 

2373  83 

3 

303A 

T  T 
X  X 

9H7'^n  _  AT  Al^n 

2.  5 

23fi'S  24 

c; 

3044  84 

J?UHH.  0*T 

T 
X 

=^1.  6 

t.  "T  J.  ^»    V  ^ 

IT 

X  X 

22 

304R  37 

T 
X 

t;'*n  — 333c;q 

16 

2414.  68 

III 

0-41401 

2.5 

3047.  11 

I 

38 

2422.  20 

II 

3296-44568 

7 

3055.  22 

II 

29214-61934 

6 

t.  *T  U  U«   w  J. 

TT 

X.  X 

24647  — ^1^27'S 

7 

308A  8^^ 

T  T 
X  X 

2  Al  47  —  c;8c;33 

2.  5 

2490  42 

T 

X 

530  —40672 

A  h 

3091  70 
-?U  7 X.  /  u 

T 
X 

1.  2 

2540  28 

2  *i 

3093  7A 

T  T 
X  X 

32284  —  A4=;97 

1.  4 

2547.  57 

11 

3095.  88 

II 

1045-33337 

1.  0 

2550.17 

5 

3111. 81 

I 

10529-42656 

2.0 

T 
X 

A 

3112  04 
J'X  x^.  ut 

T  T 
X  X 

0—321  24 

7 

2694  21 

2  5 

3114  28 

^  X  X  H.  c  0 

T 
X 

3.  0 

T 

J. 

■7 

3128  77 

T  T 
X  X 

27227  — 1;91  79 

C  1 CC  1       J7X  /  7 

11 

2723. 00 

I 

530-37244 

10 

3129.  93 

II 

27532-59472 

2.  5 

2730.  08 

I 

0-36618 

12 

3135.17 

II 

1450-33337 

2.5 

2734 

XT 

J.  X 

24(^47  — Al  200 

1  4 

X  H 

3173  OA 

T  T 
1  X 

28394  —  ^19900 

CO^/H  _?77UU 

8 

2742  R3 

T 

J. 

0  —  3A4^2 

28 

3179  41 
ji.  1  y,  Hx 

T  T 
X  X 

840  —  32284 

16 

2760  10 

T 

X 

9 

31  91  31 

^  X  /  X. 

T 
X 

XX-/OU  *Tt.DOO 

3.  5 

2785.  21 

II 

23776-59670 

300 

3195. 62 

II 

840-32124 

1-  4 

2785.  59 

II 

24647-60535 

280 

3200.  27 

II 

1045-32284 

1.4 
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TO 

1.  ^ 

6622.  49 

I 

18512-33608 

85 

bl 

5972. 04 

TO 

1.6 

h 

6636. 49 

I 

28989-44053 

3.5 

5981.86 

I 

16436-33148 

3.5 

6650.  61 

I 

19406-34438 

70 

bl 

5987.  64 

TO 

1.8 

AAA/I  /in 
bbb4. 4U 

T 
1 

OQIA/I  /l/IIAA 

A7^b4  — 44^bb 

50 

bl 

6003.  60 

TO 

13 

6687.  58 

I 

0-14949 

8 

6004. 65 

1.2 

h 

6691. 83 

I 

29820-44760 

8 

6009.  19 

I 

17116-33753 

0.  6 

6694.  75 

I 

18499-33432 

42 

bl 

6019.  87 

TO 

1.4 

h 

6699.26 

I 

8 

6023. 41 

I 

0-16597 

6 

6700.  71 

I 

18512-33432 

34 

bl 

6036.  60 

TO 

3.0 

6713. 20 

I 

21529-36420 

28 

bl 

6053.  81 

TO 

3.  5 

6735.  99 

I 

19406-34248 

9 

bl 

6072. 78 

TO 

16 

6793. 71 

I 

530-15246 

459 


Yttrium 


—  All  Observed  Lines 


Intens 
and 
Char  ac 

ity 
te  r 

Wave- 
length 
in  A 

Spec- 
truna 

Energy 
Levels 
in  K 

Intensity 

and 
nhararfpi 

\^  XX        JL.   CJ_         V  . 

• 

Wave- 
in  A 

Spec- 
trum 

Energy 

Xjc  V    X  !D 
i-il  XV 

6 

h 

6795. 41 

II 

14018-28730 

5 

7346.  46 

16234-29843 

1.  0 

h 

6803. 15 

19148-33842 

1.  2 

h 

7398.  77 

\ 

15477-28989 

1.8 

6815. 16 

I 

19238-33907 

3.0 

7450.  30 

II 

14098-27517 

1.  2 

6832.  49 

II 

14098-28730 

1.  8 

7494.  88 

I 

19028-32366 

4 

6845.  24 

19148-33753 

0.  7 

h 

7536.  71 

I 

1.  2 

6858.  24 

T  T 

II 

14018-28595 

3.  5 

7563. 13 

19148-32366 

2.5 

6887.  22 

21915-36431 

0.  8 

h 

7617.  72 

J 

1.8 

6896.  00 

II 

14098-28595 

2.  0 

h 

7622.  94 

I 

18976-32091 

0.  8 

6908.  26 

I 

14949-29420 

0.  7 

7652.  89 

I 

19028-32091 

1.  2 

6933.  52 

530-14949 

0.  5 

7689. 49 

I 

18976-31978 

2.  5 

h 

6950.  31 

19028-33412 

0.  8 

h 

7698.  00 

1.  0 

6951.  68 

II 

14833-29214 

2.  0 

7719.  89 

J 

19028-31978 

1.0 

6958.  04 

15246-29614 

2.0 

7724.  08 

I 

19148-32091 

2.  5 

6979.  88 

14949-29272 

1.  4 

7788.  42 

I 

16436-29272 

1.  4 

h 

7008.  97 

I 

19148-33412 

1.  4 

7796.  32 

I 

16597-29420 

1.  0 

7009.  93 

18976-33238 

0.  6 

7802. 52 

15327-28140 

2.  0 

h 

7035.  18 

\ 

19028-33238 

1.  8 

7812. 16 

16817-29614 

3.0 

7052. 94 

I 

15246-29420 

3.  0 

7855.  52 

I 

17116-29843 

1.  4 

h 

7054.  28 

I 

18976-33148 

11 

7881. 90 

II 

14833-27517 

0.  9 

7075.  13 

15712-29843 

1.  0 

h 

7999.  33 

I 

17116-29614 

1.  2 

7127.  92 

15246-29272 

0.  9 

8329. 61 

32188-44190 

3.  5 

7191.  66 

J 

15712-29614 

2.  5 

8344. 43 

J 

16159-28140 

1.0 

h 

7195. 93 

I 

36361-50254 

0.  8 

h 

8365.  64 

I 

24481-36431 

3.  5 

7264.  17 

II 

14833-28595 

1.  8 

8450.  36 

15994-27824 

0.9 

h 

7293.  08 

15712-29420 

0.8 

h 

8528.  94 

24699-36420 

0.9 

h 

7330.  62 

10 

8800.  62 

0-11360 

0.5 

7332.  96 

II 

13883-27517 

2.  0 

h 

8835.  85 

II 

14833-26147 

460 


ZINC 


Zn,  Z=30,  M=65.38,  Ratio  ^=1.029 


Zn  I  Normal  state  of  valence  electrons  Sc?^"  iSo  =0.  I.P.=  75767  K 
Zn  II  Normal  state  of  valence  electrons  Sd^°  4s^  %k=0.    I.P.  =  144891  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

Classification : 

Zn  I,   C.  W.  Hetzler,  R.  W.  Boreman,  and  K.  Burns,  Phys.  Rev.  48,  656  (1935). 
Zn  II,  G.  V.  Salis,  Ann.  Physik  76,  145  (1925). 

Intensities :  ^ 
A.  Filippov,  Phys.  Z.  Sowjetunion  1,  289  (1932). 
W.  BiUeter,  Helv.  Phys.  Acta  7,  841  (1934). 
J.  W.  Schuttevaer  and  J.  A.  Smit,  Physica  10,  502  (1943). 


Relative  intensity  of  zinc  lines  observed  in  an  arc  of  copper  containing  O.I  atomic 

percent  of  zinc 


Strong  lines  of  zinc 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

1000 
140 
140 

2138.  56 
3345.  02 
4810.  53 

I 
I 
I 

0-46745 
32890-62777 
32890-53672 

3d'»4s2      iSo— 3rf>''4si4pi 
M'HsHp^  3po_3(^io4si4rfi 
3d"'4,s'4pi  3P^— 3di»4si5si 

Zinc  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

2.5 

2025.  51 

II 

0-49354 

20 

3282. 33 

32311-62769 

13 

2061.  91 

II 

0-48481 

90 

3302. 59 

32501-62772 

1000 

2138.  56 

0-46745 

28 

3302.  94 

32501-62769 

3.5 

h 

2756.  45 

32311-68579 

140 

3345.  02 

32890-62777 

6 

d 

2770.  86 

32501-68581 

30 

3345.  57 

32890-62772 

2770.  98 

32501-68579 

6 

3345.  93 

32890-62769 

9 

d 

2800.  87 

32890-68583 

40 

4680.  14 

32311-53672 

2801.  06 

32890-68581 

100 

4722.  16 

32501-53672 

10 

h 

3072.  06 

32890-65432 

140 

4810.53 

32890-53672 

26 

3075.  90 

0-32502 

12  hi 

6362. 35 

46745-62458 

461 


ZIRCONIUM 

Zr,  Z=40,  M=91.22,  Ratio  7^^1.436 

Zr  I,  Normal  state  of  valence  elections  5s'  =0.  I.P.=  56077  K 
Zr  II,  Normal  state  of  valence  electrons  4:(P  5s'  Tii^=0.    I.P.  =  113175  K 

References 

Wavelengths : 

G.  R.  Harrison,  Massachusetts  Institute  of  Technology  Wavelength  Tables  (John  Wiley  & 
Sons,  New  York,  1939). 

C'l&ssific&tion ' 

Zr  I,    C.  C.  Kiess  and  H.  K.  Kiess,  J.  Research  NBS  6,  621  (1931). 
Zr  II,  C.  C.  Kiess  and  H.  K.  Kiess,  J.  Research  NBS  5,  1205  (1930). 

Molecular  Spectra : 
ZrO,  C.  C.  Kiess,  Sci.  Papers  BS  23,  47  (1927). 


Relative  intensity  of  zirconium  lines  observed  in  an  arc  of  copper  containing  0.1  atomic 

percent  of  zirconium 


Strong  lines  of  zirconium 


Intensity 

Wavelength 
A 

Spectrum 

Energy  levels 
K 

Term  combination 

900 

3391.  98 

II 

1323-30796 

4d25si  a  *Fi^- 

-4d2  5pi 

z 

750 

3438.  23 

II 

763-29840 

4d25si  a  ^Fau- 

— 4'i2  5b1 

z 

650 

3496.  21 

II 

315-28909 

4d25si  a  *F2H— 4d2  5p' 

z 

550 

3601.  19 

I 

1241-29002 

4d^5s^a^Fi  - 

-4d25s'5p' 

X 

340 

3556.  60 

II 

3758-31866 

4d3      b  *F4H- 

-4d2  5pi 

z 

340 

3572.  47 

II 

0-27984 

4d25si  a  ^F,H- 

-4d2  5p' 

z 

*G2h 

320 

3519.  60 

I 

0-28404 

4d25s2a3F2  - 

-4d25s>5p' 

X 

'G| 

280 

3547.  68 

I 

570-28750 

4d^5s^aW3  - 

— 4(i25s'5p' 

X 

280 

3551.  95 

II 

763-28909 

4(i25si  a  *F3H- 

— 4d2  5p' 

z 

280 

3835.  96 

I 

0-26062 

4d25s2a3F2  - 

-4d25s'5p> 

X 

260 

3863.  87 

I 

570-26444 

4d25s2  a  3F3  - 

— 4d25si5p» 

X 

260 

3890.  32 

I 

1241-26938 

4d25s2a3F4  - 

-4d25si5pi 

X 

200 

2678.  63 

II 

1323-38644 

4d25si  a  4F4H- 

-4di5s'5p' 

y 

200 

3279.  26 

II 

763-31249 

4d25si  a  *F3^- 

-4d2  5p' 

z 

200 

3481.  15 

II 

6468-35186 

4d25si  a  2F3H- 

-4(i2  5p> 

z 

^GlH 

200 

3576.  85 

II 

3300-31249 

4d3      b  «F3H- 

— 4d2  5pi 

z 

200 

4687.  80 

I 

5889-27215 

4d35s'  a  5F5  - 

— 4d3  5p' 

V 

5G§ 

190 

3479.  39 

II 

5753-34485 

4d25si  a  2F2>^- 

— 4d2  5pi 

z 

2G3H 

180 

3613.  10 

II 

315-27984 

4d25si  a  4F2H- 

— 4d2  5p' 

z 

180 

3614.  77 

II 

2895-30551 

4d3      b  ^FjH- 

— 4d2  5p' 

z 

180 

3623.  86 

570-28157 

4d25s2a3F3  - 

-4d25si5pi 

w 

'F§ 

180 

3891.  38 

1241-26931 

4d25s2a3F4  - 

— 4d25si5p' 

2 

•Gl 

180 

4072.  70 

5541-30087 

4d35s'  a  5F4  - 

— 4#     5  pi 

X 

5D§ 

180 

4081.  22 

5889-30385 

4(i35si  a  5F5  - 

— 4d3  5pi 

X 

180 

4227.  76 

5889-29535 

4d35si  a  5F5  - 

— 4#  5p' 

y 

180 

4239.  31 

5541-29123 

4d35s>  a  5F4  - 

—4d?  5p» 

y 

5F| 

462 


Zirconium 


—  All  Observed  Lines 


Intensity 

3.nci 
CYi         f  T 

Wave- 

X  ^  X±  ^  LJ.  J. 

in  A 

Spec- 
trum 

Energy 

JLJ^  V  C  X  O 

in  K 

Intensity 

a  n  r1 

Wave- 

iC  ngLii 
in  ±\ 

Spec- 
trum 

Energy 
j_ie  veis 
in  IS. 

1.  8 

2374.  42 

I 

0-42103 

1.4 

2717.  48 

I 

4186-40974 

1  8 

2384.  17 

I 

150 

2722. 61 

II 

1323-38041 

1.8 

2388.  01 

I 

570-42434 

16 

2725!  47 

I 

1241-37921 

1.  8 

2389. 21 

I 

90 

2726.  49 

II 

763-37430 

1.  8 

2405.  52 

I 

1241-42799 

7 

2727. 02 

I 

570-37230 

3.  0 

2419. 41 

II 

4248-45568 

55 

2732. 72 

II 

763-37346 

10 

2449.  85 

II 

4248-45055 

160 

2734.  86 

II 

315-36869 

1.4 

2457.  44 

II 

4506-45186 

4 

2737.  89 

I 

5 

2487.  29 

II 

8153-48345 

8 

2740.  35 

II 

3758-40239 

3.  0 

2496.  48 

II 

7838-47882 

12 

2740.  51 

II 

4248-40727 

12 

2532.  46 

II 

763-40239 

16 

2741. 55 

II 

1323-37788 

6 

2539.  65 

I 

570-39934 

120 

2742. 56 

II 

0-36452 

15 

2542.  10 

II 

315-39640 

75 

2745.  86 

II 

763-37171 

3.  0 

2550.  51 

I 

570-39766 

75 

2752.  21 

II 

315-36639 

15 

2550.  74 

II 

0-39192 

60 

2758.  81 

II 

0-36237 

3.  0 

2556.  43 

I 

1241-40346 

1.  4 

2759.  48 

I 

1241-37469 

4 

2567.  45 

I 

1241-40178 

8 

2761. 91 

II 

0-36197 

38 

2567.  64 

II 

0-38934 

10 

2763. 03 

I 

4376-40558 

110 

2568.  87 

II 

1323-40239 

22  d 

2768.  73 

II 

1323-37430 

140 

2571.  39 

II 

763-39640 

2768.  85 

II 

763-36869 

5 

2583.  40 

II 

4506-43202 

19  d 

2774.  04 

I 

570-36608 

9 

2589.  07 

II 

4248-42861 

2774. 16 

II 

6468-42504 

1.5 

2589.  65 

I 

570-39174 

9 

2786.  86 

I 

5102-40974 

5 

2609.  43 

I 

570-38882 

22 

2790.  14 

I 

5102-40932 

17 

2630.  91 

II 

4506-42504 

14 

2792.  04 

I 

0-35806 

9 

2635. 42 

I 

1241-39174 

10 

2793.  39 

I 

24 

2639.  09 

II 

763-38644 

3.  5 

2795.  13 

I 

570-36336 

8 

2643! 40 

II 

315-38134 

18 

2796.  90 

II 

5724-41468 

6 

2647.  78 

I 

570-38327 

12 

2799.  15 

II 

5753-41468 

12 

2650.  38 

II 

763-38483 

10 

2806.  78 

I 

4186-39804 

8 

2658.  69 

I 

4186-41788 

4 

2808.  16 

II 

315-35915 

20 

2667  80 

II 

315-37788 

20 

2810.  91 

II 

6112-41677 

6 

2669.  49 

II 

5753-43202 

70 

2814.  90 

I 

0-35515 

II 

7736-45186 

44 

2818.  74 

II 

7736-43202 

13 

2670.  96 

II 

4248-41677 

8 

2819.  56 

I 

5102-40558 

200 

2678.  63 

II 

1323-38644 

6 

2821.  56 

I 

570-36001 

4 

2681  76 

II 

763-38041 

60 

2825.  56 

II 

7513-42894 

10 

2687.  75 

I 

1241-38436 

10 

2827.  50 

II 

6112-41468 

10 

2692.  60 

II 

8058-45186 

2827. 54 

I 

1241-36597 

2.5 

2692. 92 

I 

0-37123 

7 

2829.  81 

I 

4376-39704 

18 

2693. 53 

II 

315-37430 

12 

2833. 91 

II 

7513-42789 

20 

2694  06 

II 

5753-42861 

9 

2834.  40 

II 

6468-41738 

8 

2695. 43 

II 

4248-41337 

4 

2836.  49 

I 

5102-40346 

11 

2699.  60 

II 

315-37346 

80 

2837.  23 

I 

570-35806 

85 

2700. 13 

II 

763-37788 

6 

2838.  02 

II 

6112-41337 

10 

2706.  17 

I 

0-36942 

14 

2839.  34 

II 

6468-41677 

8 

2709. 33 

I 

570-37469 

15 

2843.  52 

II 

7736-42894 

32 

2711.  51 

II 

0-36869 

75 

2844.  58 

II 

8058-43202 

16 

2712. 42 

II 

315-37171 

24 

2848.  19 

II 

5753-40853 

16 

2714.  26 

II 

4506-41337 

40 

2848.  52 

I 

1241-36336 

463 


Zirconium  —  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 

t  riiim 

Energy 
Levels 
in  K 

40 

2851. 97 

II 

7736-42789 

26 

3005.  50 

I 

8057-41320 

8 

2854.  43 

II 

7838-42861 

130 

3011. 75 

I 

570-33764 

3.  0 

2856.  06 

II 

5724-40727 

16 

3013. 32 

II 

4506-37682 

11 

2860.  85 

570-35515 

10 

3014. 44 

I 

0-33164 

6 

2865. 10 

II 

2895-37788 

26 

3019.  84 

II 

315-33419 

,10 

2865.  60 

II 

3758-38644 

55 

3020.  47 

II 

4248-37346 

38 

2869.  81 

II 

8058-42894 

80 

3028.  04 

II 

7838-40853 

4 

2872.  53 

II 

8058-42861 

140 

3029.  52 

I 

1241-34240 

55 

2875.  98 

1241-36001 

28 

3030.  92 

II 

0-32984 

10 

2877.  55 

II 

3300-38041 

55  d 

3036.  39 

II 

4506-37430 

3036.  50 

II 

4248-37171 

4 

2880.  83 

J 

5102-39804 

4 

2882.  09 

II 

4248-38934 

5 

3043. 25 

I 

570-33420 

6 

2883. 80 

II 

7838-42504 

16 

3045. 83 

I 

4186-37008 

10 

2888.  04 

II 

6112-40727 

11 

3049.  33 

I 

4186-36971 

5 

2889.  43 

II 

2572-37171 

110 

3054.  84 

II 

8153-40878 

14 

2892.  26 

J 

1241-35806 

11 

3057.  22 

II 

8153-40853 

10 

2898.  71 

II 

3300-37788 

16 

3060.  11 

II 

315-32984 

7 

2901. 62 

II 

13428-47882 

14 

3061. 35 

II 

763-33419 

6 

2901.  82 

II 

2895-37346 

11 

3063. 57 

I 

4376-37008 

18 

2905.  23 

II 

6468-40878 

16 

3064.  63 

II 

4248-36869 

8 

2907.  38 

II 

6468-40853 

8 

3065.  21 

II 

0-32615 

10 

2910.  25 

II 

8153-42504 

17 

3085.  34 

I 

570-32972 

34 

2915.  99 

II 

3758-38041 

9 

3090.  44 

I 

5102-37450 

3.  0 

2916.  25 

570-34851 

17 

3094. 80 

I 

4186-36489 

12 

2916.  64 

II 

2895-37171 

40 

3095.  07 

II 

315-32615 

30 

2918.  24 

II 

8153-42410 

17 

3095. 82 

I 

4197-36489 

8 

2923. 85 

570-34762 

44 

3099. 23 

II 

0-32257 

5 

2924.  64 

II 

14163-48345 

110 

3106.  58 

II 

8058-40239 

36 

2926.  99 

II 

14190-48345 

18 

3108.  37 

I 

4376-36538 

18 

2934.  61 

II 

2572-36639 

34 

3110.  88 

II 

763-32899 

18 

2936.  31 

II 

3300-37346 

55 

3120.  74 

I 

4186-36220 

10 

2945.  46 

II 

7736-41677 

11 

3125.19 

II 

4248-36237 

36 

2948.  94 

II 

7838-41738 

50 

3125.  92 

II 

0-31981 

24 

2951. 48 

II 

3300-37171 

80 

3129. 18 

II 

4248-36197 

11 

2952. 24 

II 

1323-35186 

80 

3129.  76 

II 

315-32257 

36 

2955.  78 

II 

14060-47882 

22 

3131. 11 

I 

4197-36125 

50 

2960.  87 

0-33764 

55 

3132. 07 

I 

4376-36295 

50 

2962.  68 

II 

2895-36639 

17 

3133. 23 

I 

5102-37008 

50 

2968.  96 

II 

3758-37430 

55 

3133. 48 

II 

7736-39640 

19 

2969.  19 

570-34240 

28 

3136.  96 

I 

5102-36971 

36 

2969.  63 

II 

2572-36237 

110 

3138.  68 

II 

763-32615 

20 

2976.  61 

II 

8153-41738 

22 

3139.  80 

I 

5102-36942 

50 

2978.  05 

II 

3300-36869 

28 

3148.  82 

I 

4376-36125 

36 

2979.  18 

II 

2895-36452 

46 

3155. 67 

II 

7513-39192 

26 

2981. 02 

II 

4506-38041 

24 

3157.  00 

II 

4248-35915 

130 

2985.  39 

T 

0-33487 

50 

3157.  82 

I 

4376-36035 

4 

2987.  80 

II 

9743-43202 

I 

5102-36760 

8 

2991.  41 

II 

0-33419 

85 

3164. 31 

II 

5753-37346 

50 

3003.  74 

II 

4506-37788 

24 

3165.  45 

II 

8058-39640 

16 

3005.37 

4186-37450 

140 

3165.  97 

II 

1323-32899 
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Zirconium  —  All  Observed  Lines 
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and 
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Wave- 
length 
m  A 
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trum 

Energy 
Levels 
in  K 

Intensity 

and 
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Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
in  K 

24 

3166.  26 

II 

6468-38041 

60 

3334.  25 

II 

8058-38041 

"^1  7ff  HQ 

T  T 
1 1 

1  1  JO  —  Jv  Lye. 

JH 

JJj'^,  Od. 

T  T 

Ac;nA  —  "i-AAiXK 

30 

3181.58 

II 

7513-38934 

30 

3338. 41 

II 

7736-37682 

24 

3181.  92 

II 

5753-37171 

120 

3340.  56 

II 

1323-31249 

140 

3182.  86 

II 

4506-35915 

60 

3344.  79 

II 

8153-38041 

85 

3191.21 

I 

0-31327 

20 

3353. 66 

I 

1241-31050 

/X. y U 

T  T 
1 1 

OtDO  —  Jl  1  OO 

c  o 

JJJ^,  Jy 

T  T 
1  X 

OXXC.  —  JDyi-D 

12 

3197.  04 

I 

4186-35456 

120 

3356.  09 

II 

763-30551 

4 

3204. 35 

II 

7736-38934 

85 

3357.  26 

II 

0-29778 

15 

3204.  90 

I 

5102-36295 

28 

3359.  96 

II 

11984-41738 

85 

3212.  01 

I 

570-31695 

24 

3360.  46 

I 

5102-34851 

7 

jCi-^.,  DO 

T 
1 

m  no  _  A99n 

1 

X  D 

JJOc.,  OO 

T  T 
XX 

ormR  —  '^77RR 

OUjO  —  J  1  1  OO 

12 

3212. 85 

II 

5753-36869 

24 

3363. 82 

II 

2895-32615 

120 

3214.19 

II 

763-31866 

24 

3367.  82 

II 

2572-32257 

17 

3222. 47 

II 

14163-45186 

4 

3368.  64 

I 

0-29677 

32 

3228.  81 

II 

6468-37430 

6 

3369.  26 

II 

9969-39640 

T  T 

J.  Jl 

J  1.D      J  i.L.Hy 

OA. 

J  J  1  \j,  Dy 

T 
X 

100 

3234.12 

I 

1241-32152 

28 

3373.  42 

II 

8153-37788 

17 

3236.  58 

II 

14299-45186 

60 

3374.  73 

II 

8058-37682 

120 

3241. 05 

II 

315-31160 

17 

3376.  27 

II 

7736-37346 

50 

3250.  39 

I 

570-31327 

24 

3311. 

II 

3300-32899 

T  T 
1  1 

1H^77  —  HD\JjD 

g 

'^'^7R  "^n 

J  J  1  Q,  JK) 

T  T 
X  X 

707  Q  —  '^  7/1'?  n 
/  OJO  —  J  1  HJ  U 

32 

3254.  28 

I 

16978-47698 

9 

3379.  92 

I 

17556-47135 

32 

3260.  11 

I 

4186-34851 

90 

3387.  87 

II 

7838-37346 

6 

3264.  81 

II 

7513-38134 

120 

3388.30 

II 

0-29505 

30 

3269.  66 

I 

4186-34762 

900 

3391. 98 

II 

1323-30796 

1 1,  Id 

T  T 
I  1 

AO  AO.  _    APT  n 

Qn 

7  U 

JJyJ,  i-c 

T  T 
X  X 

■^1  ^  _  9Q77B 
JXD  —  c.y  I/O 

85 

3272. 22 

II 

0-30551 

26 

3396.  33 

II 

7736-37171 

160 

3273.  05 

II 

1323-31866 

6 

3396. 66 

II 

13429-42861 

200 

3279. 26 

II 

763-31249 

6 

3397.  92 

I 

18277-47698 

50  d 

3282.  73 

I 

1241-31695 

60 

3399.  35 

II 

2572-31981 

3282.  83 

II 

14733-45186 

24 

3402.  87 

II 

12360-41738 

140 

3284.  71 

II 

0-30435 

30 

3403. 68 

II 

8058-37430 

22 

3285.  88 

II 

8058-38483 

90 

3404.  83 

II 

2895-32257 

24 

3288.  80 

II 

763-31160 

30 

3408.  08 

II 

7838-37171 

II 

7736-38134 

6 

3408.  78 

T  T 
XI 

/  /  JO  —  ^OUD^ 

%A^  n  9R 

JHl.  U.  CD 

T  T 
X  X 

JJ\J\J  JCOXD 

12 

3302. 67 

II 

9969-40239 

6  h 

3411. 79 

I 

17833-47135 

II 

17614-47882 

60 

3414.  66 

I 

570-29847 

85 

3305.15 

II 

315-30562 

II 

8153-37430 

140 

3306.  28 

II 

315-30551 

12 

3419. 11 

II 

1323-30562 

O 

Djuy,  07 

T  T 
1  1 

/  OJO  —  JOKJHi. 

X  o 

j^ xy .  uu 

T 
X 

41  RA  — "^"^490 

6 

3311.34 

II 

5724-35915 

25 

3424. 82 

II 

315-29505 

24 

3313.70 

II 

7513-37682 

4 

3426.  93 

I 

8057-37230 

34 

3314.  50 

II 

5753-35915 

10 

3430.  29 

I 

1241-30385 

12 

3318.  51 

II 

6112-36237 

160 

3430. 53 

II 

3758-32899 

24 

3319.  02 

JI 

315-30435 

18 

3431.  57 

II 

7736-36869 

60 

3322.  99 

II 

6112-36197 

22 

3432.  41 

II 

7513-36639 

6 

3326.  41 

I 

4186-34240 

18 

3433.  91 

II 

8058-37171 

60 

3326.  80 

II 

12360-42410 

60 

3437.14 

II 

5724-34810 
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Zirconium 


—  All  Observed  Lines 


Intensity 

and 
Character 

Wave- 
length 
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Spec- 
trum 

Energy- 
Levels 
in  K 

Intensity 

and 
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Wave- 
length 
in  A 

Spec- 
trum 

Energy 
T  iP  vpl  ^ 
in  K 

"7  C  O 

75U 

343o.  23 

T  T 
11 

/  d3  —C70H\J 

inn 
100 

3550.  46 

I 

0-28157 

28 

3440.  45 

0-29058 

280 

3551. 95 

II 

763-28909 

19 

3443.  57 

II 

7838-36869 

20 

3554.  07 

II 

9553-37682 

30 

o  /I  /I  /      /  T 

3446.  61 

41c>D  — 3317^: 

^  Af\ 

34U 

^  C  C  Z.     Z.  A 

3d36. 60 

11 

3758  —  31866 

95 

3447.  36 

0  —  28999 

O  A 

24 

3558.  96 

I 

5102  —  33192 

3455.  91 

4186  —  33114 

170 

O  C  Z.  Z.     T  A 

3566.  10 

1 

TOilT  OAO~7r~ 

1241  —  29275 

18 

3457.18 

4197-33114 

14 

3568.  14 

II 

6468-34485 

65 

3457.  56 

II 

4506-33419 

34 

3568. 88 

I 

5102-33114 

32 

1  A  CO  Q'2 

3458. 93 

T  T 
11 

/  /3d  — 3dd37 

34U 

1  C  "71  A1 

^bl I.  47 

T  T 
11 

A      o  ~7  A  n  yi 

0  —  27984 

26 

3461.  09 

8057  —  36942 

1  A 

34 

1  C  AO 

3573.  08 

T  T 

II 

2572-30551 

130 

3463.  02 

T  T 
11 

ii7o4  —  4Uod3 

n  "7  n 
1  /O 

^  C  "7C     "7  Q 

3575. 79 

I 

CTA  OOCOO 

570—28528 

15 

3465. 63 

1241-30087 

200 

3576.  85 

II 

3300-31249 

6 

3469.  94 

II 

8058-36869 

28 

3577.  55 

I 

8057-36001 

95 

3471.  19 

0  —  28o01 

o  yi 
24 

3578.  23 

T  T 
II 

n~j  A  o~7/no 

9743  —  37682 

4 

3472. 90 

41oD  —  3<17  /  ^ 

1  yi  ft 

14U 

ICO  L  on 
3586.  29 

I 

A        O  "7  A  "7  / 

0—27876 

20 

3478.  30 

T  T 
11 

763  —  29505 

70 

*3  C  OT     O  O 

3587.  98 

T  T 

11 

AC~70  OA^OC 

2572  —30435 

10 

3478.  50 

II 

9743-38483 

28 

3588.  32 

II 

3300-31160 

32 

3478.  79 

4376-33114 

11 

3591. 72 

I 

570-28404 

28 

3479.  02 

T  T 
11 

424o  — 329o4 

"7  U 

7  n 

3d93. 13 

I 

T"7AZ.A  ^^OOO 

1/060  — 44oo2 

1  fin 

190 

3479.  39 

T  T 
11 

CTca     ^  yi  ^  o c 

b7b3  —  344ob 

14 

1 C  QQ  OA 

3d99. 90 

11 

TATll       yi  O  C  A  ^ 

14733  —  42504 

24 

3480.  41 

T  T 
II 

7513  —  36237 

c  c  n 

550 

O  Z.  AT  TO 

3601.  19 

I 

TO/IT  OAAAO 

1241  —  29002 

200 

3481. 15 

II 

6468-35186 

26 

3607.  38 

II 

9969-37682 

30 

3482.  81 

I 

570-29275 

110 

3611.  89 

II 

14060-41738 

30 

o  yi  o  o  m 

3483. 01 

8057  —  36760 

180 

O  Z.  1  O     T  A 

3613.  10 

II 

315  —  27984 

ion 

120 

3483.  54 

T  T 
11 

6112  —  34810 

22 

O  Z.  1  O     "7  A 

3613. 70 

1 

yiTOZ.  '2nocT 

4186  —  31851 

20 

3485.  32 

T  T 
11 

7513  —  36197 

ion 
180 

o     1  yl  "7"7 

3614.  77 

T  T 
11 

OOnC        '2  A  C  C  T 

2895  —  30551 

7 

3495.  37 

11956-40558 

180 

3623.  86 

I 

570-28157 

650 

3496.  21 

II 

315-28909 

28 

3630.  02 

II 

2895-30435 

30 

Ann  CO 

3499.  58 

11 

3300  —  31866 

22 

1 L11  An 

3633. 49 

T  T 
II 

TyilZ.'2  yiTZ."7'7 

14163  —  4167  / 

20 

3501.  35 

570  —29123 

50 

o  z.  "3  yi    1  c 

3634.  15 

I 

TOyiT  OOTCA 

1241  —28750 

13 

1  c.  f\i  An 
3501.  49 

8U57  —  36608 

o  o 

1        L.  AC 

3636.  45 

T  T 
11 

3  /5o  — 31249 

55 

3505.  48 

II 

12360-40878 

5 

3638. 72 

I 

4376-31851 

130 

3505.  67 

II 

1323-29840 

5 

3655. 56 

II 

7838-35186 

13 

3506.  05 

T  T 

II 

nn/  n  oo^oo 

9969  —  38483 

32 

■O  Z.  Z.  T  OA 

3661.  20 

T 
1 

C'7  n  0"70"7Z. 

570  — 27o76 

7 

3507.  67 

T  T 

II 

12 

o  /  z.  o    T  yi 

3662. 14 

T  T 
11 

TO/lOfi  yiA"70"7 

13429  —  40727 

160 

3509.  32 

570  —  29058 

T  yi  n 

140 

3663. 65 

T 
1 

32 

3510.  46 

II 

4506-32984 

20 

3668.  45 

II 

3300-30551 

320 

3519.  60 

0-28404 

48 

3671. 27 

II 

5753-32984 

20 

3520.  87 

T  T 

II 

4506  —  32899 

100 

1  L~J  A  ~70 

3674.  /2 

T  T 
11 

0C~70  00"7~70 

70 

3525.  81 

T  T 

11 

2895  —  31249 

18 

'7 ^ "7 o  on 
3678.  90 

T  T 
11 

14163  —  4133 / 

14 

3530.  22 

5102  —  33420 

7 

3680. 3 / 

T 
1 

1^41  — Zo4U4 

11 

3530.  85 

II 

14190-42504 

48 

3697.  46 

II 

3758-30796 

70 

3533.  22 

I 

1241-29535 

120 

3698.  17 

II 

8153-35186 

34 

3535.  16 

8057  —  36336 

11 

^  "7  A  Z.     Z.  '2 

3  /Ob.  d3 

T 
1 

idHi  —  com 

18 

3536.  94 

T  T 

II 

2895  —  31160 

n  n 
90 

O  "7  A  O     O  Z. 

3709.  26 

T  T 
11 

o4do  —  33417 

7 

3539.  01 

T  T 

II 

13429  —  41677 

o  yi 

24 

*3  "7  T  yt  TO 

3714.  13 

T 
1 

1/:41  — Zolb  / 

100 

3542.  62 

II 

14190-42410 

24 

3714.  78 

II 

4248-31160 

o  o  n 

280 

C  A~7     ^  O 

3547.  68 

570  — 28 /5U 

o 
o 

*2  "7 1  O     Q  ^ 

3 /io.  o4 

T  T 
11 

OQQC  OQ77Q 
/i07D  —  l7  1  IO 

20 

3549.  51 

II 

9969-38134 

34 

3731. 26 

II 

14060-40853 

34 

3549.  74 

8057-36220 

6 

3737.  39 

I 

5102-31851 

466 


Zirconium  —  All  Observed  Lines 


Intensity 

and 
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Wave- 

1  ^^^^ 

lengLn 
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Spec- 
trum 

Energy 
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Intensity 

and 
Character 

Wave- 
length 
in  A 

Spec- 
trum 

Energy 
Levels 
m  IS. 

6 

3738.  11 

II 

4506-31249 

9 

3941. 62 

8057-33420 

70 

TT 

X  J. 

1  41  90  —  40878 

3.5 

•2QC-1  -l-J 

1 1  A41  — 3AQ42 

XXOHX  ^OvHc. 

10 

3750.  64 

II 

4506-31160 

3.  5 

3956.  79 

no 

3751.  60 

II 

7838-34485 

85 

3958.  22 

II 

4248-29505 

6 

3754.  79 

I 

14349-40974 

7 

h 

3963.  80 

I 

16317-41538 

12 

3757.  79 

II 

14733-41337 

44 

3966.  66 

J 

1241-26444 

60 

T 
± 

90 

"^QAR  2A 

^ /DO.  £.0 

1 241  — 2A434 

60 

3766.  72 

I 

12342-38882 

3.5 

3972.  30 

I 

15720-40888 

42 

3766.  82 

II 

3300-29840 

1  n 

J.  \J 

3973.39 

I 

12761-37921 

3 

3767.  88 

II 

5724-32257 

60 

3973. 50 

I 

570-25730 

90 

3780. 54 

I 

0-26444 

18 

3975.  29 

J 

12773-37921 

6 

TT 

J.  X 

6 

"^977 

Day  jxjjoj 

12 

3786.  61 

14 

3977. 48 

I 

8057-33192 

70 

3791.40 

I 

570-26938 

3  5 

3978.  25 

I 

11 

3792.40 

I 

570-26931 

9 

3978.  74 

I 

12342-37469 

16 

3796.  48 

II 

8153-34485 

18 

h 

3981. 60 

J 

11017-36125 

12 

1  AQ7R  — 420R7 

Xu/ / O      Hc.\JO  1 

26 

3817.58 

II 

4248-30435 

9 

3982. 16 

I 

10885-35990 

70 

3822.  41 

I 

0-26154 

14 

3984.  75 

I 

4186-29275 

I 

5541-31695 

6 

3986.  80 

I 

570-25646 

7 

3827.  27 

II 

9 

3988. 68 

{ 

5023-30087 

280 

-?  O          /  o 

T 

0  —  2606? 

7 

570  —  25630 

160 

3836.  76 

II 

4506-30562 

14 

3989.  50 

I 

15120-40178 

14 

3838.  28 

II 

4506-30551 

70 

3991. 13 

II 

6112-31160 

50 

3843. 02 

\ 

2895-28909 

70 

3998.  97 

II 

4506-29505 

50 

3847.  01 

I 

570-26557 

3.  5 

4001. 09 

J 

1241-26227 

50 

T 
± 

0  —  25972 

7 

4002  55 

4071  —29847 

10 

3855.  43 

II 

4506-30435 

13 

4003. 10 

I 

11017-35990 

3863.  87 

I 

570-26444 

7 

4004.  40 

I 

12503-37469 

70 

3864.  34 

I 

1241-27111 

7 

h 

4004.87 

I 

16978-41941 

90 

3877.  60 

I 

8057-33839 

18 

4007.  60 

{ 

14989-39934 

18 

T 
1 

J  1  KJ         L.\J  ^  ^  ^ 

18 

4012  25 

1  '^720  —40637 

140 

3885.  42 

I 

0-25730 

14 

4016.  98 

I 

12342-37230 

PAD 

3890.  32 

I 

1241-26938 

J.  X 

4018.  38 

II 

7736-32615 

180 

3891.  38 

I 

1241-26931 

36 

4023.  98 

I 

5541-30385 

9 

h 

3892. 03 

I 

15201-40888 

11 

4024.44 

II 

8058-32899 

7 

h 

T 
1 

70 

4024  92 

R249  — 300R7 

14 

3896.  53 

I 

570-26227 

90 

4027.  20 

I 

5023-29847 

I 

17143-42799 

22 

4028.  95 

I 

4186-28999 

7 

3897.  66 

I 

14697-40346 

36 

4029.  68 

II 

5753-30562 

36 

3900. 52 

I 

0-25630 

44 

4030.  04 

4871-29677 

3.5 

"^Ql  A  "XA 
J7LH,  j'i 

T  T 
1 1 

3.  5 

4034  09 

IT 

6468  —  31  249 

28 

3915. 94 

II 

4248-29778 

36 

4035. 89 

1241-26012 

14 

3916.  64 

I 

1241-26766 

3.5 

4040.24 

II 

7513-32257 

55 

3921.  79 

I 

570-26062 

9 

4041.  64 

I 

15201-39937 

7 

h 

3926.  78 

I 

15720-41179 

22 

4042.  22 

} 

11258-35990 

110 

3929.  53 

I 

570-26012 

55 

4043.  58 

4186-28910 

18 

3934.  12 

II 

2572-27984 

44 

4044.  56 

4871-29588 

18 

3934.  79 

II 

5753-31160 

36 

4045. 61 

II 

5724-30435 

6 

3936.  06 

II 

6468-31866 

55 

4048.  67 

II 

6468-31160 
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Zirconium  —  All  Observed  Lines 
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